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Westinghouse LL. 41 -1 37.3D 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KRD-4 DIRECTIONAL OVERCURRENT 

GROUND RELAY 

CAUTION: Before putting relays into service,  re
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment, 

make sure that all moving parts operate freely, in
spect the contacts to see that they are clean and 
clo se properly , and operate the relay to check the 
settings and electrical conne ctio ns. 

A P P L I C A T I O N  

The KRD-4 relay is a high speed directional over

current relay which is used for the protection of trans
mission lines and feeder transmission lines and feeder 
circuits. These relays are dual polarized relays which 
can be polarized from a potential source ,  from a local 

ground source,  or from both simultaneously. 

They are also used, without modifications to pro

vide directional ground fault protection in the KD-4 
carrier relaying scheme. Op eration of the relays in 
connection with the carrier scheme is fully described 
in I .L .  4 1-9 1 1. 

C O N S T R U C T I O N 

The typ e KRD-4 directional overcurrent ground 
relay consists of a dual polarized directional unit, 
an instantaneous overcurrent unit, and an indicating 
contactor switch. The principal parts of the relay and 
their location are shown in Fig. 1 to 3. 

A. DI RECTIONAL UNI T  (D) 

The directional unit of the KRD-4 consists of an 
inductio n cylinder unit, phase shifting network , and 
a de-coupling network . 

l, I nduction Cyl i nder Unit  

The cylinder unit is a product type in which tor

que is produced by the phase relationship of an oper

ating flux and a polarizing flux on an aluminum cylin

der supporting a moving contact arm . A contact op en

ing torque or a co ntact clo sing torque is produced 
depending upon the phase relationship between the 
two fluxes.  

SUPERSEDES I . L.  41 - l 37.3C 
*Den otes chan ge from superseded issue . 

The cylinder unit consists of three basic ass em
blies: an electroma gnet assembly, a moving elem ent 
assembly,  and a stationary closing assembly. 

The electromagnet assembly consists of an elec

tromagnet , an adjustable magnetic core, two magnetic 

adjusting plugs, lower bearing pin , and a die-casted 

aluminum frame .  The moving element ass embly con
sists of a spiral spring, contact carrying member,  and 

an aluminum cylinder which is  assembled to a molded 
hub which holds the s haft. The shaft ha s removable 
top and bottom j ewel bearings. The stationary con
tact assembly consists of a molded bridge , upper 

bearing pin, stationary contact housing and spring 
adjuster is  located on the underside of the bridge 

and is held in place by a spring type clamp. It is 
attached to the moving contact arm by a spual spring. 

The electromagnet has four poles, two operating 
poles and two polarizing poles. Each pair of pol es 

are diametrically opposite each other and are excited 
by series connected coils. (Two sets of series con

nected coils are used to excite the polarizing poles, 
one set for current polarizing and the other set for 

voltage polarizing). The electromagnet is permanently 
mounted to the frame in such a manner that an air 
gap exists between the pole faces of the electromagnet 

and the magnetic core. The aluminum cylinder of the 
m oving element assembly rotates in this air gap on 
the upper and lower pin bearing. 

With the contacts closed, the el ectrical connec
tion is made through the stationary contact housing 
clamp, then the moving contact, through the spiral 
spring out to the spring adjusted clamp. 

2. Phase Sh i fting Network 

The phase shifting network consists of a resistor, 

capacitor and reactor in the polarizing circuit of the 

directional unit, and a saturable shunt in the oper

ating circuit. 

3. De-Coupl i n g  Network 

The de-coupling .network consists of an air gap 
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TYPE K RD-4 D I R ECTI ONAL O V E RCURRENT 
GROUND R ELAY-------------------------------------------------------------

D E COU P L E R  
TRANSFORM ER 

Fig. 1. Type KRD-4 Relay (Front View). 
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Fig. 2. Type KRD-4 Relay (Rear View). 
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TYP E K RD-4 D I R E CTIONAL O V E RCURRENT 
GRO UN D  R ELAY __________________________________________________________ ___ 

transformer, c apacitor,  reactor, and resistor. Elec
trically this network is equivalent to the polarizing 
circuit of the induction cylinder unit and is utilized 

to minimize the coupling between the current and 
pot ential polarized sources.  

B. I NSTAN TAN EOUS O V E RCURRENT UNI T  ( I )  

The instantaneous ov ercurrent unit consists of an 

induction cylind er unit , capacito r, varistor,  and a 

transformer. The components are connected such that 
a contact closing torque is produced when the current 

exceeds a specified value.  

1.  Cyl i nder Unit  

The cylinder unit is similar in construction to the 
cylind er unit of the directional unit except that all 
coils are similar. The phase relationship of the two 

air gap fluxes necessary for the development of tor
que is achieved by means of a capacitor connected 
in serie s with one pair of pole windings. 

2. Transformer 

The transformer is a saturating type consisting 

of a tapped primary winding and a secondary wind
ing. A varistor is connected across the secondary 
winding to reduce the voltage peaks applied to the 
cylinder unit and phase shifting capacitor.  

C. I NDI CATI NG CONTACTOR SWI TCH ( I CS) 

The indicating contactor switch is a small d-e 

operated clapper type device.  A magnetic armature 
to which le af- spring mounted contacts are attached, 
is attracted to the m agnetic core upon energization 
of the switch. When the switch closes,  the moving 
contacts bridge two stationary contacts , completing 
the trip circuit. Al so during this operation two fingers 
on the armature deflect a spring located on the front 
of the switch, which allows the op eration indicator 
target to drop . The target is reset from outside of the 

case by a push rod located at the bottom of the cover. 

The front spring, in addition to holding the tar

get ,  provides restraint for the armature and thus con

trols the pickup value of the switch. 

O P E R A T I O N 

The type KRD-4 relay is connected to the pro

tected transmission line as shown in Fig. 4. In such 

a connection, the relay o perates to disconnect th e 
line for ground faults of a definite magnitude that are 

flowing in a specified direction. 

4 

The directional unit of the relay compares the 
phase angle between the fault current and the polari
zing quantities of the system and either produces a 
contact closing torque for faults in the trip direction 
or produces a contact opening torque for faults in the 

non-trip direction. Relay op eration occurs when both 
the directional unit and the instantaneous overcurrent 
unit close their contacts.  H enc e, the fault current 
must be greater than the tap setting of the overcurrent 
unit. 

For faults in the non-trip direction, a contact 

op ening torque is produc ed by the directional unit 
such that the normally closed contact of this unit 
shorts out a pair of windings on the overcurrent unit. 
This prevents the overcurrent unit from developing 
torque to close its contacts. For faults in the trip 
direction, the directional unit will pickup and re
move this short circuit, allowing the overcurrent con
tact to commence closing almost simultaneously 
with the directional contact for high speed operation. 

C H A R A C T E R I S T I C S  

The relays are availabl e in the following current 

ranges: 

Range 

0 . 5- 2  Amps. 0 . 5  _D . 7 5  

1-4 

4- 1 6  

10-40 

1 . 0  1 . 5  

4 . 0  6 . 0  

10 1 5  

Tap s 

1 . 0  1 . 25 1 . 5  2 

2 . 0  2 . 5  

8 . 0  9 . 0  

20 25 

3 . 0  4 . 0  

1 2  1 6  

3 0  4 0  

The tap value is the minimum current required to 

just close the overcurrent relay contacts.  For pickup 
settings in between taps refer to the section under 
SETTINGS. 

The KRD-4 relay is de signed for dual polarizing 
and can be polarized from a potential source,  a local 

ground source or from both simultaneously. When the re

lay is potential polarized, the maximum torque of the 

relay occurs when the operating current lags the 
pol arizing voltage by approximately 65 d egrees. When 
the relay is current polarized,  the maximum torque of 

the relay occurs when the operating current is in 

phase with the polarizing current. 

TIME CURVES 

The time curves for the KRD-4 relay are shown 

in Fig. 5 and 6. Fig. 5 includ es three curve s  which 

are: 
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1 .  Directional Unit opening times for current, 
voltage,  or dual polarized. 

2. Directional unit closing times for current, 
voltage or dual polarized. 

3 .  Directional unit closing time for 5 volts 

voltage polarized. 

Fig, 6 shows the instantaneous overcurrent unit 
closing time 

The voltage polarized curve (curve B in Fig. 5) 
begins to deviate from curve A at  about 1 0  volts 
polarization, 

Both the directional unit and the overcurrent unit 

must operate before the trip circuit can be completed. 

Hence·,  the unit which takes the longer time to oper
ate determines when the break er will be tripped. The 

overcurrent unit contacts cannot operate until the 

back contacts of the directional unit open; therefore,  
the total time for the overcurrent unit to operate is 
its closing tim e  given in Fig. 6 plus the directional 
unit's opening time given in Fig. 5. The total closing 
time for the directional unit is given in Fig. 5. The 
two examples below will serv e to illu strate the use 
of the curves. 

(Example One) definition of symbols ar e shown 
on Fig. 5. 

let: lpol = 1 . 5  amp. 

lop = 3 amp 

tap value (T) = 0 .5  amp. 

1:1 = oo 
for a current polarized relay: 

* MPP - loplpol cos 0 

0.25 

* ( 3 )  ( 1 . 5) 
MPP = = 1 8  

0 . 25  

Entering the curves i n  Fig. 5 at multiples o f  product 
pickup of 18 the directional unit opening time is 4 
m s ,  and the closing time for this unit is 3 3  m s .  

For the overcurrent unit : 1 
multiples of pickup = � 

3 - - - 6  
- 0 . 5 -

Entering the curve in Fig. 6 at multiples of pickup 
equal to 6 the closing tim e  for the ov ercurrent is 1 4  

ms. However, the total operating tim e  for the overcurrent 

unit is 14 plus 4 m s ,  which is the opening time of back 
contacts of the directio nal unit, or 18 ms total operating 
time for the overcurrent unit. The total operating time 
for the directional unit is 33 ms; and since this i s  

the longest tim e,  33 m s  is the total operating time o f  
the relay .  

(Example Two) 

let :  lpol = 1 5  amp 

lop = 25 amp 

T (tap) = 1 amp . 

0=0 

MPP = �-----
0 . 2 5  

MPP = 1 500 

referring to Fig. 5 the directional unit closing time 

is 8 ms, and the op ening time of its back contacts is 

3 m s. The total operating time for the directional 
unit is 8 m s. 

For the overcurrent unit: 

lop 
multiples of pick up = -

T 

= 25 

referring to Fig. 6 the ov ercurrent unit contact clos

ing time is 10 ms. Therefore, the total operating time 
for this unit is 10 + 3 ms or 1 3  ms. In this case the 

total operating time of the relay is 13 ms. 

Trip Ci rcui t 

The m ain contacts will safely close 30 amperes 

at 250 volts d-e and the seal-in contacts of the indi

cating contactor switch will safely carry this current 
long enough to trip a circuit bre aker. 

The indicating contactor switch has a pickup of 
approximately 1 ampere. Its d-e resistance is 0. 1 ohms. 

Cyl i nder Unit  Contacts 

The moving contact ass embly has been factory 

adj usted for low contact bounce performance and 
should not be changed. 

The set screw in each stationary contact has 

been shop adjusted for optimum fo llow and this ad
justm ent should not be disturbed. 
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* TABL E I 

D I R ECTIONAL UNI T SE NSI TIVITY 

--·-----

Polarizing Quantity Values for Min. Pickup Phase Angle 

Volts Amperes i 
Relationship 

1--------- ! 
VOLTAGE l 0 . 7  I I lagging V by 65° 

l 1 . 5 l In Phase with V 
f--

CURRENT 0.5 In-phase 

The energization quantities are input quantities at 

the relay terminals .  Maximum torque angle. 

t•ottATIH COIITACTOI SWITCII 

3 ... 

•tTIIfU.TIYE IISTAITAIEOUI ..._,.ITY AI ltiM, TIE ttlEtTIOill WIT COITACTS Cllll 

IITERU.l SCHEMATIC 

fROIIT YI£W 

Ot£1C.UT 1111 T (UH'£1 HIT) 

WAIISTtl: 

OIHCTIOIAL •n (..U.IT) 

.. -. -

........ -

lEO IAIIIU 
TUT .. ITCI 
c.l[ll TUT .IAa 
ff-.IIAL 

629A509 

Fig. 3. Internal Schematic of the Type K RD-4 Relay in 
the Typ e F T3 1  Case. 
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TABL E I I  

D IR ECTIONAL UNIT CAL I B RATION 

����- ������� I �n�t����
--

-

-

�1 Adjustment 

All Ranges ��ious torque in :�- Right (front view 

I tact closing direction , Plug Screwed out 
(left front view) , until spurious tor-

' ' I que is reversed. 

All Ranges �---
8
-
0
-lspurious torqu� in j Left(front view) 

contact opening di- I Plug screwed out 

�>Z 

® "'"_x.._ ___ _ 

rection (Right front until spurious tor-
view) (Contact que is in contact 
remain Open) i closing directions. 

' Then the plug is 

I screwed in until 

I spurious torque is 

. 
reversed. 

PR' DECOUPLER TRANSFORMER 
SEC. 

"!"C - BR[AK[.R TRIP COIL 

629A946 
Fig. 4. External Schematic for the Type KRD-4 Relay. 
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S E T T I N G S 

Overcurrent Un i t  ( I )  

The only s etting required is t h e  pickup current 

setting which is made by means of the connector 
screw located on the tap plate. By placing the con
nector screw in the desired tap ,  the rel ay will just 
clo se its contacts at the tap value current . 

If adjustment of p1ck-up current in between tap 

settings is desired insert the tap screw in the next 
lowest tap setting and adj ust the spring as de scribed. 
It should be noted that this adj ustment results in a 

slightly different time ch aracteristic curve and bur

d en. 

For carrier relaying the carrier trip overcurrent 
unit located in the type KRD-4 relay should be set 
higher than the carrier start overcurrent unit located 
in the type KA-4 relay at the opposite end of the line. 

CAUTION: Sinc e  the tap block connector screw car

ries operating current , b e  sure that th e screw is 

turned tight. 

In order to avoid opening the current transformer 

circuits when changing taps under load, connect the 
spare tap screw in the desired tap po sition before 
removing the other tap screw from the original tap 

po sition. 

ENERGY REQUIREMENTS 

BURDEN DATA OF OP ERATING CURRENT CIRCUIT- 60 CYCLES 

AMPERE TAP VA AT TAP P . F .  ANGLE VA AT 5 AMPS P . F .  ANGL E 
RANGE VALUE 0 0 

. 5  . 23 54° 47 5 2° 
. 7 5  . 5 2  54° 36 52. 5° 

1 . 0  . 9 4  54° 3 1  53° 

. 5- 2  1 .  25  1 . 56 54° 28 53. 5° 

1 . 5  2 . 17 54° 26. 5 54° 

2 . 0  3. 88 54° 24 55° 

1 . 0  1 . 3  5 2° 3 1 . 5  5 1° 

1 . 5  2 . 8 5  5 2 °  27 . 3  5 1 . 5° 

2 . 0  5 . 2  5 2 °  25. 0 52° 

1-4 2 . 5  7 .7 5  52° 24. 2 5 2 . 5° 

3 . 0  1 1 . 4  5 2° 23. 8 53 

4 . 0  1 0 . 6  52° 23 . 3  5 3 . 5° 

4 5. 6 43°  6 1 0 t 53° 

6 10 .8  46° 57 0 t  54° 

8 17 . 6  47° 560 t  54° 

4- 1 6  9 22 .5  48° 550 t 55° 
1 2  39 . 5  50° 550 t 56° 
1 6  6 9  5 2 °  550 t 56° 

10 28 49° 545 t 50° 

1 5  6 1  5 1 °  540 t 5 1° 

10-40 20 108 53° 535 t 52° 

25 169 54° 530 t 53 ° 

30 252 56° 525 t 53° 

40 432 57° 525 t 53° 

t VA at 50 Amperes.  
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DIRECTIONAL UNIT POLARIZIN G CIRCUIT BURDEN 

-- ---- - - - ----- ---------,-:=:-_--==-=-·=-:-==-=-=--, 
RATING VOLT AMPERESL'I 

POWER FACTOR 
CIRCUIT 

Current 

Voltage 

230 t t  
amperes 

208 t t t  

volts 

ANG L E  0 
1 .  20 

2 1 . 0 28° L e ad 

0 Degrees current l eads or l ags voltage at 1 20 volts on voltage polarized units 

and 5 amperes on current polarized units .  

6 Burden o f  voltage polarized unit taken at 1 20 volts.  Bur den o f  current polar

ized unit s tak en at 5 ampe res. 

t t  One seco nd rating.  

t t t  30 seco nd ratin g. The 10  seco nd ratin g is 345 vo lts. The co ntinuous rating 

is 1 20 volts. 

D i rectional Unit ( D) 

No setting is required. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 

panels or their equival ent in a location free from dirt , 
moisture ,  excessiv e vibration and heat.  Mount the re

lay vertically by means of the two mounting studs 
for proj ection mounting or by means of the four mount
ing holes on th e flange for the semi-flush mounting. 
Either of th e studs or the mounting screws may be 
utilized for grounding the rel ay. The electrical con
nections may be made directly to the t erminals by 
means of screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting. The t erminal studs may be easily removed 
or inserted by locking two nuts on the studs and 
then turning the proper nut with a wrench. 

For detailed informatio n ,  refer to I . L. 4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera

tion of this relay hav e been made at the factory. Up

on rec eipt of the relay ,  no customer adju stments ,  

other than those covered under ' 'SETTINGS,'' should 
be required. 

Acceptance Check 

The following check is recommended to insure 

that the relay is in proper working order. 

8 

Overcurrent Un i t  ( I )  

1 .  Contact Gap - The gap betw een the  statio nary 

and moving contacts with the relay in the de

energized po sition should be appro ximately 

0 020 . " 

2. Minimum Trip Current - The normally-closed 

contact of the directional unit should be 

blocked open when checking the pick-up o f  
the overcurrent unit. 

The PICk-up of th e overcurrent unit c an be 
checked by ins erting the tap screw in the 
desired tap hole and applying rated tap value 
current.  The contact should close with ±5% of 
tap value current. 

D i rectional Un i t  ( D) 

1 .  Contact Gap - The gap betw een the stationary 
contact and moving contact with the relay in 

the de-energized positio n should be appro xi
mately . 020 . " 

2. Sensitivity - The respective directional units 

should trip with value of energization and 

phase angl e relationships as indicated in 

Table 1 .  

* 3 .  Spurious T orque Adjustments - There should 

be no spurious closing torques when the oper

ating circuits are energized per Table 2 .  

4 .  Coupling - Apply 2 0  amperes t o  terminals 6 
and 7. Measure voltage across terminals 4 and 
5 .  Should be less than 20 volts.  
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I I K R D-4 RELAY 

TY PICAL OPERATI N G  T I M ES 

FOR POTENTIAL POLARI Z E D  DIRECTIONAL UNIT CLO S I N G  A N D  

WPP = EpoLIQp COS ( 9  -600) 

0. 65 

FOR CURRENT POLARIZED 
a IfQt.. IQf COS ( jill 

MPP 
0. 25 

FOR DUAL POLARIZ E D  

OPE N I N G  TI M E S  

EpoLIQp COS(9-60°1 Ip oLIQp COS (-1 
MPP' 0.65 + 0.25 

WHERE MPP: MULTIPLES OF PRODUCT PICKUP 
EpoL POLAR I Z I N G  VOLTAGE 
IPOL::.PQLARI Z lNG CURRENT 

Iop'OPERA T I N G  CUR�ENT '\ 
' :-... &-::ANGLE B't WHI CH lop LlGS EPOL f =ANGLE B't WH\ CH l.qp: LAGS lpQL 

., � "':: �·· -
UNIT CLOSING TIMES 

{A l CURRENT, VOLTAGE,OR D U AL POLAR IZED <: (Bl � VOLT VOLTAGE POL AR I ZED ........... ......... �"'--� 
DIR ECTIONAL U N I T  OPENING TIMES r--.. _ CURRENT, VOLTAGE, OR DUAL POLI.RIZEO 

I I I 
I 

4 5 6 1 1910 20 30 40 so eo ao 100 200 3oo 400 6oo aoo tooo tOOO 3000 
MULTIPLES OF PRODUCT PICKUP 

Fig. 5. Typical  Time Curve s for the Dire ctional Unit. 

KRD-4 RELAY 

T YPICAL OPER'ATING TIMES 

INSTANTANEOUS OVERCURRENT UNIT 

CLOSING TIMES 

\ \ 

""' ' 
........ I'-. 1'-1-o...... ........ -

4 9 10 20 30 40 

M U LT I P L ES O F  PICKUP 

Fig. 6. Typi cal Time Curve s for the In stantaneous Ove rcurrent Unit. 

5000 
763A034 

763A035 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E K RD-4 D I R ECTIONAL O V E RCURRENT 
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I nd i cati ng Contactor Swi tch ( I CS) 

Clo se the main relay contacts and pass sufficient 

d-e current through the trip circuit to clo se the con

tacts of the res. This value of current should be be
tween 1 and 1. 2 amperes. The indicator target should 
drop freely. 

The contact gap should be approximately 5/64" 
between the bridging moving contact and the adjus
table stationary contacts .  The bridgin g moving con

tact should touch both stationary contacts simul
taneously. 

R O U T I N E  M A I N T E N A N C E  

All relays should be insp ected periodically and 
the operatio n should be checked at least once every 

year or at such other time intervals as may be dic

tated by experience to be suitable to th e particular 

application. 

All contacts should be p eriodically cleaned. A 
contact burnisher SJt 182A836HO 1 is recommended for 

this purpo se. The use of abrasive material for cl ean
ing is not recommended because of the danger of em

bedding small particles  in the face of the soft silver 
and thus impairing the contact. 

Cal i brat ion 

Use the following pro cedure for calibrating the 
relay if the relay has been tak en apart for repairs or 
the adjustme nts have been disturbed. This procedure 
should not  b e  used unless it is app arent that the 

relay is not  in working order. (See "Acceptance 

Che ck"). 

Overcurrent Unit  ( I )  

1 .  The upper pin bearing should b e  scre wed do wn 
until there is approximately . 0 25 cl earance between 
it  and the top of shaft bearing. The upper pin be ar

ing should then be securely locked in position with 

the lock nut. The lower bearing position is fixed and 

cannot be adjusted. 

2. The cont act gap adj ustme nt for the overcurrent 
unit is made with the moving contact in the reset 

position ,  e. g. , against the right side of the bridge. 

Advance the stationary contact until the contacts 
just close. Then back off the statio nary contact 2/3 
of one turn for a gap of approximately . 0 20". The 

clamp holding the statio nary contact housing need 
not be loosened for the adj ustme nt since the clamp 

utilizes a spring-type action in holding the statio nary 

10 

contact in po sition. 

3. The sen sitivity adjustm ent is made by vary

ing the tension of the spiral spring attached to the 

moving elem ent assembly. The spring is adj usted by 
placing a screwdriver or similar tool into one of th e 
notches loc ated on the periphery of the spring ad

juster and rotatin g  it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that does not hav e to be 

loosened prior to making the necessary adjustments.  

Before applying current, block op en the normally

closed contact of the directional unit. Ins ert the tap 
screw in the minimum value tap setting and adjust 
the spring such that the contacts will close as indi

cated by a neon lamp in the contact circuit when 
energized with the required current. The pick up of 
the overcurrent unit with the tap screw in any other 
tap should be within ±5% of tap value .  

D i rectional  Unit ( D) 

1. The upper bearing screw should be screwed 

down until there is approximately . 0 25 clearance be
tween it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in position 
with the lock nut. 

2. Contact Gap. Adjustment for the directional 

unit is made with moving contact in the re set po si
tio n ,  i . e . ,  against the right side of the bridge.  Ad
vance the right hand stationary contact until the 
contacts just clos e .  Th en advance the stationary 
co nt act an additio n al o ne-half turn. 

Now move the in the l eft- hand stationary co ntact 

until it just touches the moving contact. Then back 
off the stationary contact 2/3 of one turn for a con
tact gap of approximately . 0 2 0 " .  The clamp holding 
the stationary contact housing need not be loos ened 

for the adj ustment since the clamp utilizes a spring
type actio n in holding the stationary contact in 

po sition. 

3. Sen sit ivity. Ins ert tap screw of overcurrent 
unit in highest tap. The sensitivity adj ustment is 
made by varying the tension of the spiral spring at
tached to the moving element ass embly. The spring 

is adj usted by placing a screwdriver or similar tool 

into one of th e notches located on the periphery of 
the spring adjuster and rotating it . The spring ad

juster is located on the underside of the bridge and 

is held in place by a spring type clamp that does not 
have to be loosened prior to making the neces sary 

adjustments.  
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'tY P E  K RD-4 DI R ECTIONAL OVE RCU R R E N T  
GROUND RELAY ________________________________ I._L. 41-137.30 

* The spring is to be adjusted suc h that the con 
tacts will close with . 5  ampe res flowin g into ter
minal 6 and out terminal 8 with terminals 7 and 9 
jumped together.  (Use 0. 7 Amps for 4 -1 6  and 1 0-40 
Amps . )  

4. De-Coupl ing Adju stment. Conn ect high re-

sistance, low reading voltmeter acro ss terminals 4 
and 5. Pass 80 amp eres into terminals 6 and 7 and 
adj ust top rig ht hand resistor (front vie w) until a mini

mum voltage is obtained. Use care not to overheat 
relay during test. 

5. Core Ad ju stment. Apply 10 amperes to ter-----------
terminals 8 and 9 with all other terminals open circuited, 

Adj ust core such that the contacts remain open. The 
core can be adjusted by the use of a screwdriver in 
the slots in the bottom of the cylind er unit. 

_EJ._ P I  ug Adj u stment. Apply current to terminals 

8 and 9 with all other terminals open circuited . Plug 
adjustment is then made p er Table II suc h  that the 

KRD-4 RELAY 
TEST C IRCUIT 

A _.,. ______ 

B 

� 

__, 

I � 
( PHASE ) SHIFTER 

c A I 
��_......( 6 

± 
PHASE 
ANGLE 

.--- A± METER 

VARIAC 

'.W.M)� 

spurious torques are reversed. The plugs are held in 
po sition by upp er and lower plug clips .  These clips 
need not be disturbed in any manner when making the 
neces sary adj ustment. 

I ndi cati ng Contact Switch ( I CS) 

Adj ust the contact gap for approximately 5/64" 
(- 1/64 " ,  +0). 

Clo se the m ai n  r el ay contacts and ch eck to see 

that the relays pick up and the target drops betw e en 

1 and 1 .  2 amperes d- e.  

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 

the factory. How ever ,  interchangeable parts can be 
furnished to the customers who are equipped for doing 

rep air work . When ordering parts always give the com

plete nameplate d ata. 

-·-

KRD-4 
RELAY 

1 2 4 5 8 
(l 0 :t? f 

,____ __ --
9 

±[ 
10 
0 
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TYP E  K RD-4 DI R ECTIONAL O V E RC U R R E N T  
GROUND RELAY ________________________________________________________ ___ 

• 190-32 SCIIEW 

• 1 90-32 SCREW 

llJ.f;.T rf.�R TMICK PAIEL 

�E .190-32 STUD [=:t _f2)_l_ - "" --�'-- - - -- -;JJR. - fi:J- - - - -- --;J]t' t------
,1 s - D I A. - D I A. I O  IIOLES � 14 011 CUTOUT 

PAIIEL CUTOUT & DRILLIIIG 
FOR SEMI•FLUSM NT& • 

PAIIEL DR I L L I NG OR CUTOUT FOil 
PRO.Jf:CTIOII MTG. 

( FROIIT VIEW) 

D I A.� HOLES FOil 
• 190-3 2 MTG· SCIEWS 

.1 
1e DIA. 2 MOLES 

TEJioiiiiAL 
II UMBER 

57-D-7902 
Fig. 1. Outline and Drilling Plan for the Type KRD-4 Relay in the F T3 1  Case. 
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Westinghouse I.L. 41 - 1 37.4 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 

A P P L I C A T I O N 

The SRGU is a high sp e ed dual-polarized dire c-
tion a! over current ground relay. It may be used as a 
current or potential polarized relay. It is suitabl e 

for overreaching pilot systems where the pilot aux
iliary provides a coordinating delay of at l e ast 15  

ms during a sudden reversal in the direction of fault
power flow due to a sequentially cl e ared external 

fault. This SRGU design is not suitable for under
reaching applications, pilot or no n-pilot, since the 

overcurrent unit is not designed for minimum tran
sient overreach and the dire ctional-unit reset during 

a reversal is as much. as 1 2  ms.  

C O N S T R U C T I O N  A N D O P E R A T I O N 

As s hown in Fig. 1 ,  2, & 3 the relay contains a 

power supply, a directional unit and overcurrent unit 
in a 19 inc h rack unit. 

Di rectional Unit  

The directional unit co nsist of air gap current 

transformers, T 2 and T3 , a voltage transformer T 1, 
a p hase shifting network, and two printed circ uit 
boards (dual dire ctional and dire ctional amplifier). 

Transformer T1 and T2 are used in the current 
pol arizing circuit and in t h e  operating circuit . The 
operating current transformer has two sep arat e 
secondary windings. 

The p hase s hifting n etwork consist of a cap a
citor (C6),  resistor ( R 1) and a reactor (L 1 )  in voltage 
polarizing circuit and a reactor ( L 2) in current 

p olarizing circuit. Fig. 3 s hows t he connections of 

the transformers and the p hase shifting netwo rk to 

the ring modul ator. 

The dire ctional circuit board consist of two 

sets of ring modul ators, an amplifier, a tim er, a 

filter and an output transistor. 

The ring modulator consist s of  four diodes. The 
anode of each diode is connect ed to the cat hode of 

N EW I NF O RMATION 

the followin g diod e  to droduce a m.aximum outf)ut 
' ' ' 

voltage of 1 . 4  volts or two diodes forward voltage 
drop . 

Amplifier: The amplifier consist of the two NPN 

transistors 1 Q l ,  and 1 Q3. The second stage of  t h e  
amplifier is an emitter follower which provides an 

output to the next st age. 

The turn on tim er consists of a potentiometer 
1 R 1 4, a re sistor 1R1 2, a unij unction transistor 2Q1,  

a cap acitor 1C3,  and norm ally conducting transistor 

1Q4 for a rapid discharge of the capacitor.  

The filt er consists of a diode 2D 1, a capacitor 

2C 1 and t he resistor 2R 3. There are two outp uts one 
of  which is the directional unit output. The other 
controls the overcurrent unit. The directional out
put s  of a NPN 2Q2 and PNP 2Q3 with a diode 2D2 
and zener diode 2Z 1 for the prot e ction of output unit 
from the surge. The control output unit consist of 
two NPN transistors 2Q4 and 2Q5 in which 2Q5 i s  
normally conducting. 

I n stantaneou s Overcu rrent Un i t  

The overcurr ent unit co nsists of an input trans

former T4, a setting circuit, a phase splitter circuit, 

a se nsing circuit, a voltage regulator circuit, a 
feedback circuit and a transistor output. 

1. Inp ut Transformer - A two winding typ e with a 

non-tapped prim ary winding and a tapped second
ary winding, the secondary is connected to the 
setting circuit and from the fix ed t ap to the 
p hase splitter circuit. 

2. Setting Circuit - The setting circuit is connected 

acro ss the se condary winding of  the input trans

former and consists of two branches, a re sistor 
and a rheostat, connected in p arallel with a 

resistor and zener diode.  This circuit loads the 

transform er and produces a seco ndary voltage 

proportional to the input current. T he rheost at 

has a lo cking feature to minimize the accidental 
change of current setting. 
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DUAL POL ARI Z E D  GROUND D I R ECT IONAL RELAY __________________ _ 

Fig. 1. R elay's Front Picture 

Fig. 2. Relay's Rear Picture 
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DUAL POLAR I Z E D  GRO UND DI R ECTIONAL R ELAY _________________ r._L._4_1-_13_7_.4 

Phase Spl i tter Ci rcuit  

Co nsists of  two cap acitors,  re sistor, potentio
meter, and a three-p hase r ectifier  bridge. This 
circuit converts the singl e p hase ac voltage from 

the output of the transformer to a t hree p hase voltage 
and rectifies this voltage to de. 

Sen s i n g  Ci rcu i t  

Consists o f  three resistors,  a transistor and a 

zener diod e. This circuit i s  connected betwe en the 
output of the p hase splitter circuit a.nd the amplifier 
circuit. In this circuit, the r eference voltage is  

established w hich turns the transistor on. To turn 

the transistor off, the o utput voltage from the p hase 

splitter must be less than the reference voltage. 

Feedback Ci rcuit  

Consists of a resistor, potentiometer and diod e .  

This circuit controls the dropout current of  t he relay. 

Voltage Regul ator Ci rcuit  

Co nsist of  a silicon power  regulator and a seri e s  

resistor. T h e  silicon p o w e r  re gulator is  a 10 w att 
zener diode mounted on an aluminum heat sink . The 
series resistor i s  used to reduce t he supply voltage 
to the zener voltage. 

Case 

Jack plug on the rear has 24 terminal s  numbered 

l eft to right and top to bottom. Thus t erminal N o .  1 

is located in the upp er left hand corner when vi ewed 

from the rear and t erminal 24 is in t he lower right 
hand corner. Terminal N o .  1 is connected internally 
to the chassis gro und and may b e  u s ed fo r gro unding 

connecting cable s hields ( when used). 

T here is also an 8 point terminal block for the 
current circuits . It is located in the right hand side 
of the rear w he n  viewed from the bac k.  T he termin
als are numbered from left to right . 

T he c hassis c ase , cover. and front panel have 

electrical connections assured by t he use of shake

proof w ashers w hich c ut through any paint or pro

tecting c oating to make e lectrical contact with the 

base metal. The c omplete relay rac k  is then ground

ed to the switchboard or cabinet by s hakeproof 
washers . 

The front door is connected to the relay case by 

two hinges and a s lotted strap from the bottom, and 

can be closed by two screws which are located at 
the top of the door . The slotted straps in the bottom 
allows the door to be opened up to 90 degrees and 
stops the door from sliding to the left and right . The 

door can be removed by unscrewing the slotted st�ap 
from the door . 

The front panel consists of 2 parts: 

1 .  The circuit boards. 

2. Two potentiometers IR 14 and 3S1 . 1R14  is 
used for timing adjustment in the directional 

circuit board. and the 3S1 is used for current 

setting in the overcurrent unit . 

Pri nted Ci rcuit  Board Assem b l y  

The printed c ircuit board assembly shown in 
Fig . 9 c onsists of three separate boards ( 1 )  D ual 

D irectional Circuit B oard , (2 )  Directional Amplifier 

Circuit Board ( 3 )  Overcurrent Circ uit Board . They 
contain all the resistors , diod e s ,  transistors and the 
unijunction necessary to perform t he function of a 
dual polarized directional relay . In Fig . 3 all the 

components are ide ntified by a number and a letter 
followed by a number . The first number (a) indic ate s  
circuit board number. t h e  letter is used t o  specify 
the component type and t he sec ond number indicates 
the component number . In this circuit board. the 

re sistors are ide ntified by " R". the diodes by " D ". 
the zener diodes by "Z". transistors by " Q ". cap
acitors by " C". and the test point by "TP" .  Box 
in the transistors i ndicates normally conducting 
transistors . 

When facing the component side of the printed 
circuit board , w ith terminals at the bottom. termin
als are nu mbered 1 to 14 fro m  right to left. These 

terminal nu mbers are shown in the internal sche

matic and will be referred to as printed circuit ter
minals "TCT" , in the trouble s hooting section. 

D i rectiona l Unit  O perat ion 

Refer to internal schematic Fig . 3 .  The opera
tion of the relay is as follows :  

T he potential c ircuit o f  the directional unit i s  

tuned to 60 H z ,  but the sec ondary side o f  the cur

rent transformer has been phase shifted to get a 
maximum sensitivity of 60 degrees . 

D iodes 1 D 1  to 1 D4 constitute a ring modulator 
or a diode phase c omparator, when the two input c ur

rents have the same instantaneous polarity 1 TP- 1 i s  
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DUAL PO LARI Z E D  GROUND D I R ECTI ONAL R ELAY __________________ _ 

posit ive  wit h  respect t o  negat ive t hen  transist or 
1Q 1 t urns on .  If t he t wo input current s  are of oppos
ite polarity or if eit her input is zero t he volt age 1 TP-
1 will b e  negat ive or zero wit h  respect to negat ive  
and 1Q 1 will be  off and 1Q 4 will be  on , t o  short cir
cuit capac it or 1Q 3 .  The same  t hing applys t o  t he ring 
modulat or consist ing of diodes 5 t o  8 .  

Assume 1 TP1 goes posit ive  t o  t urn o n  1Q 3 .  Then 
capac it or 1C3 c harges ,  and if t he volt age across t he 
the  c apacit or reaches t he " firing volt age" of t he 
unijunct ion transist or, t he unijunct ion fires .  The 
current pulse result ing from t he unijunct ion will b e  
transfered t o  t he capac it or 2C1 and henc e  t urns on  
2Q 2 and 2Q 3 and t he output volt age appears at 
varicon t erminal 6 .  Also it t urns 2Q 5 off t o  develop 
t he overcurrent unit out put .  

1R14  i s  adjust ed so t hat t he t ime required for 
1C3 t o  reach t he volt age level of t he unijunct ion  is  
4 . 1 m . s .  If one  or  b ot h  input quant it ies  goes  t o  zero , 
and c auses transist or 1Q 4 t urns on ,  1C3 is rapidly 
dischar ged and t he output goes t o  zero . 

Two s et s  of Ring Modulat ors are used , one for 
volt age polarizing and t he other for current polar
izing.  The out put of t he Ring Modular from t he cur
rent polar izing c ircuit i s  fed b ack t o  1Q 3 and if 
eit her 1Q 1 or 1Q 2 or b ot h  t urn on ,  1Q 4  will  be t urned 
off and t he c apacit or 1C3 start s  t o  charge up. 

The output c irc uit consist s  of t wo t ransist ors ,  
2Q 3 and 2Q 5 ,  in which 2Q 5 is normally conduct ing 
and sup ervises t he overc urrent unit . The normally 
c onduct ing t ransist or, of t he direct ional unit ,  is 
connect ed to t he input of t he f irst t ransist or 3Q 1 in 
overc urrent unit , so t hat short c irc uit s any volt age 
result ing from t he overcurrent unit . If t he direct ion 
of c urrent i s  in t he t rip direct ion, t he direct ional 
unit will p ic k  up and t he output transist or will act 
as an open c irc uit , and allows t he overc urrent unit 
t o  op erat e. 

The s econd output of t he direct ional unit con
sist of t wo t ransist ors. These  t wo t ransistors are 
normally off when t he t rip signal c o me- s from t he 
unijunct ion t ransist or, t urns t he NPN transistor 2Q 2 

on, and t hen allows t he PNP transisto r  2Q 3 to sat
urat e , and henc e  a t went y  volt out put will appear 
ac ross resistor 2R7. 

Overcurrent Unit Operation 

The overcurrent unit is also a st atic device and 
produc es a de volt age output when t he input current 

4 

exceeds t he s et value. 

The component s  of  t he overc urrent unit are c o n
nect ed as shown in Fig. 3 wit h no inp ut t o  t he relay, 
transistors 3Q 1 and 3Q 2 are in t he nonc o nduct ing 
condit ion and no output is  obt ained f rom t he relay. 
Zener diode 3Z 1 of t he sensing c ircuit est ablishes 

t he reference volt age from t he b ase of 3Q 1 to nega
t ive and allows a b as e  current t o  flow in 3Q 1 t hrough 
3R5 to negat ive. 

W hen ac c urrent i s  applied to the primary of t he 
t ransformer T4, a volt age is produc ed on the  s ec ond
ary side t hat is proport ional to t he amount of resist
anc e in t he rheost at 3Sl .  This single p hase volt age 
is  applied t o  t he p hase spl itt er c ircuit where a t hree  
p hase volt age is produced, rectif i ed, and applied to  
resistor 3R5 of  t he sensing c irc uit . I f  t he volt age 
from t he rect ifier is great er t han t he referenc e  volt
age across t he s ensing c ircuit ,  3Ql t urns on t o  
allow 3Q 2 t o  t urn on  which produc e  a 2 0  volt s de 
output .  

W hen 3Q 2 t urns on, posit ive feedb ack volt age is  
applied t o  t he b as e  o f  3Q l .  By  varying t he magnit ude  
of  t his volt age ,  t he dropout o f  the  relay c an b e  reg
ul at ed from approximat ely 98% to 0% of t he p ic k  up . 

W hen large c urrent are applied t o  t he primary of 
the  input t ransf ormer, t he zener c lipp er on t he sec
ondary prevent s  t he current from b ec oming exc essive.  

Rel ay Operation (D i rectional and Overcurrent) 

The t ype SRGU relay is c onnect ed t o  t he pro
t ect ed t ransmission line as shown in Fig. 4. The 
relay operat es for ground f ault c urrent s  of a definit e  
magnit ude  t hat are flowing in a spec ified direct ion 
wit h  respect to  t he referenc e  volt age or c urrent .  

The direct ional unit c ircuitry o f  t he relay c om
p ares t he p hase angl e b etween t he fault c urrent and 
t he polarizing quant it ies of t he s,r st em and produc e s  
e it her an output volt age for a fault i n  t he t rip direc
t ion or no output for a f ault in t he non-trip direct ion. 
Relay operat ion  occ urs w hen b ot h  t he directiona l  
unit and t he inst ant aneous overc urrent unit produc e  
a 20 de volt age output .  H enc e, t he f ault c urrent 
must b e  great er t han t he sett ing of t he overcul' rent 
unit .  

For a fault i n  non-t rip direct ion, t h e  t ransistor  
2Q 5 of t he direct ional unit short c irc uits t he b ase 
to  emitt er j unct ion of t ransist or 3Q l of overc urrent 
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unit, and does not p ermit the transistor 3Q1 to turn 
on. For fault current in the trip direction,  the direc

tional unit op erates and removes this short circuit, 
allowing the overcurrent unit to produce an output 

simultaneously with the directional unit output. 

C H A R A C T E R I S T I C S  

Directional  Unit  

1 .  As a voltage polarized directional unit, "m axi

mum sensitivity" o ccurs with current l agging 

voltage by 60° + 6°. 

As a c urrent pol arized directional unit, "maxi
mum s ensitivity " occurs with operating and 
polarizing currents in p hase ± 6°. 

Overcurrent Unit  

2. The SRGU relays are available in  the  following 
current r anges: 

RANGE SCALE MARKING 

. 5- 2  AMPS. . 5  . 75 1 . 0  1 . 5  2 .0  
1 - 4  AMPS. 1 . 0  1 . 5  2 . 0  3 . 0  4 . 0  

2 - 8 AMP S. 2 3 4 6 8 

The setting is the minimum current required to 

obtain a 20 volts de output. For pick up s ettings 
between calibrated markings refer to the section 
under "Setting " .  The SRGU relay is designed 

for dual polarizing and c an be polarized from a 
zero s equence potential source, a zero sequenc e 

current source or from both simultaneously. 

Time Curves :  

The time curves for SRGU relay are shown i n  

Fig. 5, 6, and 7 .  Figure 5 includes directional unit 
operating time for current, voltage or dual polarized. 

Fig. 6 i s  overcurrent unit op erating time, and 
Fig. 7 is overcurrent unit reset time. 

Operating Time: 

The tuned circuits in the directional unit imp art 

a slight inverse time characteristic at low energy 

l evel s  and cause a longer op erating time at the 

minimum pick up . 

Reset Time: 

The tuned circuits in the directional unit also 

del ays the re set time, and the amount of delay de-

p ends on the initial energi zation ( the max. reset 
time is 30 ms). 

Current Reversal Reset Ti me: 

When a fault c urrent reversal occurs, the relay 

is reversed and the directional unit resets in , 1 2  ms 
or l ess. 

Both the dire ctional unit and overcurrent unit 
must operate before a trip output c an be obtained. 
Hence, the unit which tak e s  the longer time to op er

ate determines w hen an output will occur. The over
current unit c annot operate until the short circuit in 

its  input circuit is r emoved by the op eration of the 
directional unit. Once the directional unit op erates, 

the overcurrent unit will op erate instantaneously. 

If  the op erating and polarizing quantities are 

more than the minimum required the directional unit 
op erates,  but because of the s etting, the o vercurrent 

unit may not op erate and therefore the o verall outp ut 
will be zero. 

If under these conditions, a c urrent reversal 

happ ens, the dire ctional unit reset s  a maximum of 
1 2  m s  to short circuit the overcurrent unit, but the 
overcurrent unit m ay op erat e  in l ess than 1 2  ms, and 

hence an ill egitimate 20 volts output will app ear 
across the varicon terminals 5 and 3. 

Reset Time: 

Although the reset ( de-energization) of the direc
tional unit is longer than overcurrent unit. The relay 

reset time is completely independent of directional 

unit reset time ,  and it only depends on overcurrent 
unit reset time. Therefore, the curve s hown for ov er
current unit reset time is the same for the relay reset 
time. 

Sett i n g  (Overcurrent Un i t) 

The operating l evel of the r elay is s el ected by 
adj usting the rheostat 3S 1 in the front of the p anel . 

Settings in between the scal e  m arking can b e  made 
by applying the desired current and adjusting the 

rheo stat until an output is obtained. 

Di rectional Unit  

No setting is required. 

A D J U S T M E N T  A N D  M A I N T E N A N C E  

The prop er adj ustments to insure correct opera

tion of this rel ay have been m ade at the factory. 
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DUAL POL ARI Z ED GROUND DI R ECT I ON AL R ELAY __________________ _ 

Upon receipt of the relay ,  no adju stments ,  other 
than those covered u nder " Settings "  shou ld be  
requ ired. 

Acceptance Check 

The following check is recommended to insure  
thRt t he rel ay is in proper work ing order. 

Overcurrent Un it  

A. Minimu m  trip cu rrent 

1 .  Appl y the rated de to terminals  3 and 4 ( 4 is  
positive) and mak e  su re 20 ± 2 volts exist at 
the "printed circu it bo ard" terminal 1 and 14 

(14 is positive).  For check ing the pick up  
remove the  directional amplifier board, and 
then by the circulat ing the specified cu rrent 
throu gh "Terminal B lock" terminals 1 and 2 
the de voltmeter in the ou tpu t should read 
approximately 20 volts, when the cu rrent is  
within 3% of the setting. 

2. Dropou t; 

After c heck ing pick up ,  the dropout  should  be 
check ed to be approximately 9 7% of  the pick 
up  with the ac cu rrent gradu ally redu ced. 

Di rectional Un it  

Refer to  Fig. 8 with  the directional amplifier 
back in place. Apply 100 volts, 60 Hz to terminal s  
7 and 8 .  The ou tpu t voltage measu red from j ack ter
minal 2JR to negative should be zero. 

Remo ve 60 Hz voltage inpu t from terminal s  7 
and 8 and circulate 10 amp eres 60 Hz throu gh " Ter
minal Block" terminals 1 and 2. The ou tput voltage 
m easu red from 2J R to 2J B should  be zero. 

Apply 100 volts 60 Hz to termi nal 7 and 8 cir
cu late 18 amp eres throu gh " Terminal B lock" ter
minals 1 and 2 with polarities as shown on the ex
ternal schematic. 

Adju st the phase angl e between voltage and 
cu rrent u ntil voltage ou tpu t of 20 volts ± 10% from 
jack terminals 2J B and 2J R is obtained. At this 
point the angle between voltage and cu rrent should 
be  3 30° ± 3° voltage leading cu rrent. Adju st the 
phase shi fter u ntil the 20 volts ou tpu t drops to zero . 
This angle shou ld be 1 50 ± 3 degrees. 

Circulate 5 amperes into '' Terminal B lock'' ter-

6 

minal 4 and ou t 3 i nto terminal 1 a nd out 2, ( in  
phase). The voltage ou tpu t should be obta ined. 

Apply 10 amperes into 4 out 3, i nto 1 ou t 2. 
Apply 100 volts to terminal s  7 and 8, ( cu rr ent la gs 
voltage by 60° ). Voltage ou tpu t should  b e  o btained. 
Reverse terminal conne ctions 7 a nd 8, the ou tpu t  
should read zero . Tak e  ou t terminal  7 a nd 8 ,  the 
relay should  operate. 

Repair  Cal i brati on 

If the relay do es not meet the acc epta nc e  tests 
or has been dismantled for repairs, u se the following 
procedure  to pu t in  proper worki ng order. 

Avoid stressing comp onent leads. If a test probe 
mu st be connected to a component lead, connect it 
so as to avoid stress on the l eads of delica te com
ponents. Use t he test points provided wherever 
possible rather than connecting a test probe directly 
to the component board. 

Use the follow ing p rocedu re for c alibrating the 
SRGU Relay if the relay adju stments have been 
distu rbed. This procedure should  not be u sed u ntil 
it is apparent that the relay is not in proper work ing 
order. 

A. Directional Unit (Polarity Check )  

1 .  Connect as per Fig. 8 .  

2. Replace the du al directio nal circu it bo ard 
with a card extender style 849A534G01 and 

disconnect, not remove,  all other boards. 

Apply rated de voltage across "Varicon" 
terminal 3 and 4 ,  with terminal 4 positive. 
Measu re the voltage across the printed cir
cu it board terminal 1 and 14 with positive on 
terminal 14. The voltage should  be 20 ± 2 
volts. 

3. Co nnect the du al directional board and all 
the other bo ards back to th e relay. 

4. Circulate 10 amperes throu gh ''Terminal 
Block "  terminal s  1 and 2.  

5 .  Apply 100 volts to Varicon terminal 7 a.{ld 8, 
( 7  i s  polarity) and circu l ate 10 amp eres 
through " Terminal Block " termin als 1 a nd 2, 
( 1 i s  polarity). Set the p ha s e  shifter to 60° 
( cu rrent lags voltage). The relay should  op er
ate. 
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6. Circulate 5 amperes into "Terminal Blo ck " 
4 out of 3, into 1 and out 2. Disco nnect the 
voltage from terminals 7 and 8. The relay 
should op erate. 

7. If the relay operated in 5, but not in 6 ,  the 
connections to "Terminal Blo ck " terminal s  
3 and 4 are wrong and shoul d  be r ever sed. 

8 .  If rel ay op erated in 6 but not in 5 ,  the con

nections to 7 and 8 are r eversed and should 
be changed. 

9 .  If the rel ay did not op erate in 5 or 6 ,  the con

nections to "Terminal Block " terminal s  1 
and 2 are wrong and should b e  changed. 

Phase Angl e Adj ustment: F ig .  8. 
10. Turn the p hase shifter i n  either direction 

until the de voltage o utput between t erminal 
2JB and 2JR in the front p anel j ust drop s to 
zero,  and read the p hase shifter angl e.  ( angle 
b etween I and V). 

1 1 . Continue the turning i n  the s a1e direction 
until the de voltmeter acro s s  ack terminal 
2JB and 2JR just r eads 20 ± 2 volts, and 

read the angl e on the p hase shifter. 

1 2. Adjust the potentiom eter 1 R 1 4  in front p anel 

until the difference betw een the above angl es 
becomes 180 ± 2 degrees. 

Zero Sen s i tiv i ty Check :  

13.  Apply 1 20 volts and 10 amp eres a s  indicated 
above. 

14. Check that the zero sensitivity angle occur s 
within 4 degrees at 150° and 330° of the 
p hase shifter. 

Minimum P i ck Up Check :  F ig .  8.  
15 .  Apply 1 volt b etween terminal s  7 and 8 ( 7  i s  

pol arity) and ci rcul ate 0 . 4  amperes through 
"Termi nal Block " terminals 1 and 2 ( 1  is 

polarity). The rel ay should pick up at maxi
mum sensitivity (current lags 60°). 

16.  Disconnect the voltage termi nal (7 and 8 )  

and circulate 0 . 5  amp eres t hrough "Terminal 

Block " terminal s  1 and 2 and through 4 and 
3. The relay should op erate at 20 volts de 

which is obtained between "Jack Termi nal " 
2JR and 2JB. Al so check a 20 volts de out

p ut between "printed circuit bo ard" termin
al s 6 and 1 (6 i s  po sitive). 

B. Overcurrent Unit Adj ustment 

Phas e Splitter Adj ustment 

1 .  Disconnect the directional amplifier circuit 
board from the relay. 

2. Extend mo dul e with board extender, and ad

j ust knob on rheo stat 3S1 ( front of  modul e) 
such that white pointer is equidistance from 
each side of locking tab when S1 is fully 
rotated. 

3.  Turn rheo stat 3S1 all the way towards lo west 
dial current marking. 

4. Circulate minimum current marked on t he 
dial through terminals 1 and 2. 

5.  Co nnect scop e acro s s  3TP- 2 and printed cir
cuit terminal #1 ( ground).  Adj ust potentio
m eter 3R 1 3  (middl e-top of board) to obtain 
follo wing waveform: 

D i a l  Cal i brati on 

1. Apply rated de voltage to relay. 

2. Connect high resistance de voltmeter to test 
po ints on front of modul e .  ( Red J = P a s. 
Black J = Ne g . ) .  

3 .  Apply de sired 3 S 1  current t o  ' ' Terminal 
Blo ck " 1 and 2. 

4. Turn 3S1 rheostat until the rel ay op erates 
as indicated by a sudden reading of  appro x
imately 20 volt s de on m eter. 

Dropout Adj u stment (3R l2) 

1. Set Rheo stat 3S1  on minimum dial current 
value, apply rated de voltage, and connect 

the de voltmeter across "Jack Terminal JR 
and JB " of overcurrent unit. 
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2. Apply minimum setting current to prop er rel ay 
terminals.  Overcurrent unit s ho uld op erat e  at 

a current l evel within 2% of the m arked value 

on the dial. 

3. Reduce ac current to 97% of pick up current 

for minimum s etting. 

4.  Rotate potentiometer 3R1 2,  until the r el ay 

resets as indicated by voltmeter dropping 
from 20 to zero volts. 

5 .  Verify pick up and dropout by r aising and 
low ering ac current. The overcurrent unit 
should pick up within 2% of m ark ed value 
and dropout at 9 7% of pick up current. 

Troubl e Shooti n g  Procedure 

Use the following procedur e to locate the so ur c e  

of tro ubl e i f  the relay is not operating correctly. 

1. The first step is insp ecting all wires and 

connections of the transformers, and also 

paying p articular att ention to printed circuit 
board terminal.  

2. Check p has e s hifting co mponent on their 

connectio n and values as listed on the in
ternal schemati c of the rel ays. 

3 .  Check the circuit bo ard at different test 
point as listed below by an o scillo scope to 
see if the waveforms of Fig. 10 are obtained 
for a given test condition. 

Test Conditi on :  

Set t h e  relay for voltage pol arizing, apply 100 
volt to the voltage termi nal and 10 amp er es to the 

op er ating current transformer (terminal block 1 and 

2) with the p roper polarity. Set the p hase shifter on 

"0 " ,  check the test point number 1 by an os cillo

scop e and comp are them with the given waveforms. 

If the ring modul ator outp ut is obtained but there 
i s  no final output, the trouble would b e  on the cir
cuit board. 

If the final output is o bt ained, and the p eriod o f  
the wav eform s are not the s am e  a s  shown for thi s 
p articul ar angle r el ation betwe en current and volt

age ,  the phase shifting network of the relay has to 
be checked. 

R E N E W A L  P A R T S 

Repair work can b e  done mo st s atisfactorily at 
the factory. However, interchangeable p arts can b e  

furni shed t o  the c ustomers who are equipped for 

doing repair work. When ordering p arts al ways give 
the complete nameplate data. 

B U R D E N  D A T A  

DI R E CTI ONAL UN I T  VOLTAGE CI RCUI T 

VOLTAGE 
100 

75 
50 
25 

10 
5 
1 

Io = 0 or Io = S14 

VA WATT 
9. 20 8 . 9  

5 . 10 4 . 9 2  
2. 24 2. 16  

. 56 . 54 

. 0 8  . 078 

. 0 1 5  . 0 144 

. 006 . 0058 

VAR 
2. 3 

1 . 27 
0 . 6 2  

. 0 15 

. 0 2 2  

. 004 1 

. 0 0 16 

DI R ECTIONAL UNI T, CURRENT CI R CUI T 

OP ERATING 
CURRENT VA WATT VI 

1 . 0 4 3  . 0 4 1  . 0 1 25 
5 1 . 0 5  1 . 0  . 0 3 1  

10 4. 2 4 . 0  1 . 23 
20 18 . 0 17 . 2 5 . 2 5  
30 39 37 1 2. 7  
40 64 6 1. 20 .8  
50 1 20 us 35 
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DUAL POLARI Z ED G RO U N D  DI R ECTIONAL R ELAY 

DIRECTIONAL UNIT 
OUT PUT ,6 

I I 

DUAL D I R E C T I ONAL CIRCUIT 80. I 531702000 1  
---- --- -

I 
IOH OVERCURRENT C I R C U I:JBO 

5309033G02 

----

Fig. 3. Internal Schematic 

� 
" 
.. 
> 2 

I.L. 41-137.4 

D I R EC T I O N A L LY SUPERVISED 
OYERCURRENT OUTPUT 4 

5317034 
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Fig. 7. Reset Timing Curve For Overcurrent Unit. 
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Fig. 8 .  Testing Circuit 

551 876A 348 

30 32 34 38 

876A 3 53 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



..... 
w 

- - - - - - - 4 

cc0 --l_iD--®® � 0:: -c:BTI-
-aD- -rn:J-- � -[[IQ}- 8 --[[QJJ- � 

[-_c.;· n 

.f::\ _ TP I iQ) � 
"\::J a: --{EI]- --[IT} e � � --ffiill-

8 _L_, © --(ill-
Q 2 

TP3 
T P4 ---[]§]-

T P 2 @ © � 
I<) (..) 

� �� {o8H il 07} 
fR4-� r 

1 4  - � r �- - - _JL]J 

- - - - - - - - !------, [JD  

G uu  41 C 2  
� � 

--rnJ- e © -ufr� " F" e o -[IDJJ- � 
-l]JI}- -{BJQ}-

-ITIJ- --[[il---[ill--
-em-- -[]D-
-ciD- e -GD-

-LQI]-� 14 - ---- i 
�� .• . c =  n_-

F ig. 9. Printed Circuit Board 

+ 

� " 8 8 ® 3 
0 

� 
-[ill- -----1IIT]--
-{IH}- ----lllin-
-{]ill- -{@J]-,- l 6 � +  C2 -ml 

I y """""1 R" 
I 8 

� 

----rr::m-

' I + 
+ -----um-:-1 1 0 -@J--

@ � 
I I . ---{ill)- � I l J � -!lliTil- QliJ -illt- I 

'�- � - � · � I 
53 1 7D20 

5317D22-5309D33 

c 
c 
>
r 

., 
0 
r 
>
:;:o 

N 
m 
c 

C') 
:;:o 
0 
c 
z 
c 

52 
:;:o 
m 
n 
-1 

0 
z 
>
r 

:;:o 
m 
r 
>
-< 

r 
.... ' 
w .... 
� 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



DUAL POLARI Z ED G ROUN D  D I R E CTIONAL R EL AY __________________ _ 

14 

Fig. 10 .  Waveforms 
Sweep - 2 msl em. 

Vo ltage 1/:1 R ing Modulator O utput 
1/:2 Tran sistor O utput 
1/:3 C 1 O utput 
1/:4 Filter O utput 

2 volt/ em. 
10 volt! em. 

10 volt! em. 
2 volt! em. 
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D I R ECTI ONAL OVERCURR ENT GROUND R E LAYS __________________ _ 

R E LAY TY P E  

KRP 
KRD (Voltage 

Unit) 

KRC 
KRD (Current 

Unit) 

----------------

TAB L E  I 

D I R ECTIONAL UNIT SENSITIVITY 

AMP ER E RAT I NG VAL UES FOR MI N .  P I CKUP T 

VOLTS AMP E R ES 

.5-2 
1-4 1 2 . 0  

2-8 1 4 . 0  

4- 1 6 1 4 . 0  
1 0-40 1 8.0 

.5-2 0.5 
1-4 
2-8 0 . 5 7 

4- 1 6  1 . 0  
10-40 1 . 4  

T The energi zation quantities are input quantiti es at the rel ay tenninal s. 
7T Maximum torque angl e. 

R E LAY RAT I NG 

All Ranges 

All Ranges 

TABL E  I I  

DI R ECTIONAL UNI T CAL I B RATI ON 

CUR R E NT AMP ER ES  BOTH PLUGS I N  COND IT ION 

80 Spurious Torque In Contact 
Closing Direction ( Left Front 
View) 

80 Spurious Torque In Contact 
Opening D irection (Right Front 
View) (Contacts remain open) 

PHASE ANG L E  RE LAT I O NSH I P  

I lagging V by 60° 7r 
I in-phase with V 

I lagging V by 60° Yr 
I in-phase with V 

I0 leading IP by 40° 7r 

In-phase 

"Ia leading 1v by 40° 7r 
In-pnase 

ADJ USTMENT 

Right (Front-View) Plug Screwed 
Out Until Spurious Torque is Re-
versed, 

Left (Front View) Plug Screwed 
Out Until Spurious Torque is in 
Contact Closing Direction. Then 
the plug is screwed in Until Spuri-
ous Torque is Reversed. 

Short circuit the voltage polarizing circuit and open circuit the current pol arizin g circuit at the relay tenninal s 
before making the above adj ustments. 
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183A970 
Fig. 9. External Schematic of the Type KRD Relay. 

may be desired on some installations in order to in
sure that the relay will always trip t he breaker on 
zero potehtiaL 

Ind i cat ing Contactor Swi tch ( I C S )  

Adj ust the contact g ap  for approximately 5 /64 " 
( - 1/64", +0). 

Close the main relay contacts and check to see 
that the relay picks up and the target drops between 
1 and 1. 2 amperes d-e. 

To increase the pickup current remove the molded 
cover and bend the springs out or away from the cover. 
To decrease the pickup current bend the springs in 
toward the cover. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for 
doing repair work. When ordering parts, always give 
the complete nameplate data. 

RATING OF OVERCURRENT UNIT 

RANGE CONTINUOUS RAT I NG AMP E R ES ON E SECOND RAT I NG AMPE R E S  

. 5- 2  
1-4 
2-8 
4- 1 6  

1G-40 

5 
8 
8 

10 
10 

1 00 
140 
140 
200 
200 
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183A968 

Fig. 7. External Schematic of the Type KR C Relay. 

off the stationary contact 3/4 of one turn for a con
tact gap of .020" to . 024 " .  The c lamp holding the 
stationary contact housing need not be loosened for 
the adj ustment since the clamp utilizes a spring-type 
action in holding the stationary contact in position. 

3. Insert tap screw of overcurrent unit in highest 
tap . The sensitivity adj ustment is ;n�tle by varying 
the tension of the spiral spring attached to the mov
ing element assembly. The spring is adjusted by 
placing a screwdriver or similar tool into one of the 
notches l ocated on the periphery of the spring ad
j uster and rotating it. The s pring adj uster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that does not have to be 
loosened prior to makin g the necessary adjustments. 

The spring is to be adjusted such that the con
tacts will close as indicated by a neon lamp in the 
contact circuit when ena-gized with the required cur
rent and voltage as shown in Table 1 .  Thi s table in
dicates that the spring can be adjusted when the phase 
angle relationship between the op erating circuit and 
the polarizing circuit is at the maximum torque angle 
or when the circuit relationship has the operating and 
polarizing .circuits in phase. 
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Fig. 8. External Schematic of the Type KRP Relay. 

4. The magnetic plugs are used to reverse any 

unwanted spurious torques that may be present when 
the relay is energized on current alone . 

The reversing of the s Il.lfious torques is accom
J)lished by using the adjusting plugs in the following 
manner: 

a) Voltage circuit terminals on the voltage 
polarized relays (KRP and KRD voltage polarized 
unit) are short-circuited. 

b) The polarizing circuit of the current polarized 
relays (KRC and KRD current polarized unit) are open
circuited. 

Upon completion of either "a" or " b " ,  current is  
applied to the op erating c ircuit terminals as per 
Table 2. 

Plug adjustment is then made per Table II such that 
the spurious torques are reversed. The plugs are 
held in position by upper and lower plug clips. 
These clips need not be disturbed in any manner 
when making the necessary adjustment. 

The magnetic plug adjustment may be utilized to 
positively close the contacts on current alone .  This 
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D I R ECT IONAL OV ERCURR ENT GROUND R E LAYS I . L .  4 1 - 1 37 K  
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I N STANTA N E OUS OVERCURRENT UNIT 

T YPICAL CLOSING TI M E  ( FOR T W O  E L E M E N T  DUAL) 
POL A R I Z E D  RELAY 

r----_ 

I I 
I 
I 

2 3 4 5 6 7 8 9 10 20 30 40 50 

MU LT I P LES OF PICKUP 

)33109 
* Fig. 6. Typical  Operating Times for the in stantaneous Type KRC and KRD overcurrent unit ( When Current Po larized) Relays. 

3. The sensitivity adjustment is made by vary
ing the tension of the spiral spring attached to the 
movin g  element assembly . The spring is adj usted 
by placing a screwdriver or similar tool into one of 
the notches located on th e periphery of the spring 
adjuster and totating it. The spring adjuster i s  
located on the underside o f  the bridge and is held i:n 
place by a spring type c lamp that does not have to 
be loosened prior to making the necessary adjust
ments. 

Before applying current , block open the normally
closed contact of the directional unit. Insert the tap 
screw in the minimum value tap s etting and adjust 
the spring such that the contacts will close as in
dicated by a neon lamp in the contact circuit when 

energized with the required current. The pick up of 

the overcurrent unit with the tap screw in any other 
tap should be within ±5% of tap value . 

If adj ustme nt of pick-up current in between tap 

settings is desired insert the tap screw in the next 
lowest tap setting and adjust the s pring as described. 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

D i rect i o n a l  U n i t  ( D )  

I n  the type KRP and KRC relays the directional 
unit is the lower unit. In the type KRD the d irec
tional units are the lower and middle units . 

1. The upper bearing screw shoul d be screwed 
down until there is approximately . 0 25 cl earance 
between it and the top of the shaft bearing. The upper 
pin bearing should then be securely l o cked in posi
tion with th e lock nut. 

2. Contact gap adj ustment for the directional 
unit is made with the mov in g contact in the reset 
position , i . e . , against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts j ust close. Then advance the stationary 
contact an additional one-half turn. 

Now move in the left-hand stationary contact 
until it just touches the moving contact . Then back 
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D I R ECTIONAL OVERCUR R ENT GROUND R ELAYS -----------------�-
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M U LT I P L E S  OF P R O D U C T  P I C K U P  538103 
* Fig. 5. Typ ical Operating Times for the D-Unit of the Type KRP and KRC, KRD Relays. 

tween the bridging moving contact and the adjustable 
stationary contacts. The bridging moving contact 
should touch both stationary contacts simultaneously. 

R O U T I N E  M A I N T E N A N C E  

All relays s hould be inspected periodicallY and 
the operation should be checked at least once every 
year or at such other time intervals as may be dic
tated by experience to be suitabl e to the particular 

application. 

All contacts should be periodically cleaned. A 
contact burnisher S1tl82A836H0 1  is recommended for 
this purpose.  The use of abrasive m aterial for clean
ing contacts is not recommended, because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact.  

C a l i brat i o n  

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed. This procedure 

1 0  

should not be used unless it i s  apparent that the 
relay is not in proper working order. (See "Accept
ance Check " ) .  

Overcurrent U n i t  ( I )  

1.  T h e  upper pin bearing shoul d be screwed down 
until there is appro ximately . 0 25 clearance between 
it and the top of shaft bearing. The upper pin bear
ing should then be securely locked in position with 
the lock nut. The l ower bearing position is fixed and 
cannot be adju sted. 

2. The contact gap adjustment for the overc ur
re nt unit is made with the moving contact in the 
reset position, i . e. , against the right side of the 
bridge . Advance the stationary contact until the 
contacts just close . Then back off the stationary 
contact 2/3 of one turn for a gap of approximately 
.020 " .  The clamp holding the stationary contact 
housing need not be loosened for the adjustment 
since the clamp utilizes a spring-type action in 
holding the stationary contact in position. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



D I R ECT I ONAL OV E RCUR R ENT GROUND R E LAYS I .L .  4 1 -1 3 7 K  

E N E RGY R EQUI R EMENTS - 60 CYCLES 

DI R ECT IONAL UNIT POLARIZING CI RCUIT BURDEN 

R ELAY TYPE RAT I NG VOLT AMP ER ES L. POW E R  FACT OR ANG L E ¢  

KRC 230 T 1 .45 8° Lag 
Amperes 

KRP 208 7T 1 1 . 2  28° Lead 

Volts 

KRD Current 230 T 1 . 45 8° Lag 
Unit Amp eres 

KRD Voltage 208 7T 1 1 . 2  28° Lead 
Unit Volts 

¢ Degrees current leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current 
polarized units. 

L. Burden of voltage polarized units taken at 120 volts. Burden of current polarized units taken at 5 amperes. 
T One second rating 

7T 30 second rating. The 10 seco nd rating is 345 volts. The continuou s  rating is 1 20 volts. 

Either of the studs or the mounting screws may be 
util ized for grounding the relay. The el ectrical con
nections m ay be made directly to the termin al s  by 
means of screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting. The terminal studs may be easily removed 
or inserted by locking two nuts on the studs and then 
turning the proper nut with a wrench. 
For detailed inform ation, refer to I.L. 4 1-076. 

The external a-c connections of the directional 
overcurrent relays are shown in Figs. 7, 8 and 9 .  If 
no voltage polarizing source is to be connected to 
the KRD relay , short-circuit the voltage p(')larizing 
circuit at the terminals of the relay . 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adj ustments to insure correct opera
tion of this relay have been made at the factory . Upon 
receipt of the relay, no customer adjustments ,other 
than those covered under M SETTINGS " ,  should be 
required. 

Acceptance C h eck 

The following check is recommended to insure 
that the relay is in proper working order; 

O v ercurren t U n i t  ( I )  

1 .  Contact Gap - The gap between the stationary 
and movin g contacts with the relay in th e de- ener
gized position should be approximately .020 " .  

2 .  Minimum Trip Current - The normally-closed 
contact of the directional unit should be blocked open 
when checking the pick-up of the overcurrent unit. 

The pick-up cif the overcurrent unit can be checked 
by inserting the tap screw in the desired tap hole and 
applying rated tap value current. The contact should 

close within ±5o/c of tap value current. 

D i rect i o n a l  U n i t  ( D )  

1 .  Contact Gap - The gap between the station
ary contact and moving contact with the relay in the 
de-energized position should be approximately . 020 " .  

2 .  Sensitivity - The resp ective directional units 
should trip with value of energi zation and phas e 
angle relationships as indicated in Table 1 .  

3 .  Spurious Torque Adjustments - .There should 
be no spurious closing torques when the operating 

circuits are energized per Table 2 with the polarizing 
circuits short-circuited for the v oltage polarized units 
and open-circuited for the current polarized units. 

I nd i c at i ng Contactor  S w i t ch ( I C S) 

Close the main relay contact s and pass sufficient 
d-e current through the trip c ircuit to close the con
tacts of the ICS. This value of  c urrent should be 
between 1 and 1 .  2 amperes. The indicator target 
should drop freely. 

The contact gap should be approximately 5/64 " be-
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DI RECT IONAL OVERCU RR ENT GROUND R E LAY S 

E N E RGY REQU I R EM ENTS - 60 CY CLES 

T Y P E  K R D R EL AY 

AM P ER E  R A N G E  T A P  V A  AT T A P  V A L U E  7T P . F .  AN G L E ¢ V A  AT 5 AM P S. 7T 

. 5 0 . 4 2  39 . 5  ° 28 . 30 
. 7 5  0 . 5 1  39 . 5  19.80 

. 5- 2  
1.0 0 .63  39. 5  14 .50 
1 . 25 0 . 78 40 .0 1 2. 10 
1 . 5  0 .97  40.0 10 . 60 
2.0 1. 44 40 .0 8 . 80 

1 .0  0.65 39 .0 ° 15. 20 
1 . 5  1 .0 1 39 . 5  1 1 .00 

1-4 2.0 1 . 48 40 .0 9 . 10 
2. 5 2. 10 40. 5  8 . 25 
3.0 3.85 4 1.0 7 .75 
4.0 4. 56 41 . 5 7 . 25 

2 2. 0 1  46.0 ° 1 2 . 7 5  
3 3 . 44 44. 0 9 . 50 

2-8 
4 5. 36 42. 5 8 . 40 
5 7. 75 42.0 7 .75 
6 10. 7 1  42.0 7 .45  
8 18 . 40 42.0 7 . 1 5  

4 2.86 40.0 ° 4. 45 
6 4. 8 3  34.0 3. 34 
8 7 . 58 3 2.0 2 .90 

44- 16 9 9 .09 3 1. 0  2. 78 
1 2  1 4. 70 30 .0 2. 58 
16 25.00 30.0 2. 40 

10 10 . 5  30.0 ° 2.60 
1 5  22.0 29 . 5  2. 40 
20 37. 8  29 . 0  2 . 3 5  

10-40 
24 55. 2 29 . 0  2. 30 
30 84.0 28. 5  2. 25 
40 149 . 0  28. 0  2. 24 

-

¢ Degree s  current lags voltage.  
TT Voltag es  taken with R ectox type voltmeter. 

O V E RCU RRENT UNIT BU RDEN DATA AT H I GH C U R R ENTS 

T Y P E K R D R E L AY 

AMPE R E  R A N G E  

Tap Value Current 

Multiples  of  20 
Tap Value Current 

VA TT 65 

P . F .  Ang le ¢ 4 1 ° 

8 

1 

40 

176 

35 ° 

60 80 

330 560 

27 . 2  ° l 23. 6 ° 

1 • 4 

2 

10 20 30 40 5 10 

27 76.8 156 236 1 2. 4  40 

35.6  ° 28 .8 ° 23.8 ° 2 1 . 5 ° 24. 3 ° 22. 7 ° 

.. 

P . F . AN G L E  ¢ 

47.0 ° 
43.0 
4 1 . 0  
40 .0 
40.0 
40 . 0  

40 .0 ° 
40 .0 
40. 0  
40 . 5  
4 1.0 
4 1 . 5  

45. 5 ° 
43. 5 
42. 5 
42.0 
42.0 

40. 0  ° 
34.0 
3 1 . 0  I I 

3 1 . 0  I 
30.0 I 
30.0 

30. 0  ° 
29 . 5  
29 . 5  
29. 5  
29. 5  
29 . 5  _ I  

4 

1 5  20 

8 5. 2 136 

19.9 ° 16. 1 °  
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DIR ECTIONAL OV ERCU R R ENT GROUND R E LAYS r . L .  4 1 - 1 J7 K  

E N ERGY R EQUI R EMENTS - 60 CYCL ES 

TY P E  K R C  R E L A Y  

AMP ER E RANGE TAP VA AT TAP VAL UE rrr P . F .  ANGL E¢ VA AT 5 AMPS. rrr P . F .  ANGL E< ¢ 
.5 0.42 39.5° 27.50 43. ff 
. 75 0.49 37.9 1 7 . 60 39.5  

1 . 0  0 .57  36. 9 1 3 . 00 37. 8 
.5-2 

1 . 25 0 . 68 36.0 1 0 . 5 0  35 . 9  
1 . 5 0 . 8 1  36.0 8 . 98 35 . 6  
2 . 0  1 . 10 36.4 6 .94 35 .4 

1 . 0  0 .57  3 7. 1° 1 3 . 30 38. 1° 

1 . 5  0. 79 36. 7 8 . 79 36.8 

1-4 
2 . 0  1 . 1 0  37. 1 6 .84 36.8  
2.5 1 .46 3 7 . 9  5 . 90 37.4 
3 . 0  1 . 92 38.4 5 . 34 38 . 1  
4 . 0  3 . 06 39. 6 4 . 77 39. 1 -

2 1 . 68 39.8° 10 .50 38. 8° 

3 2 .5 8  3 7 . 3  7.03 3 6. 5  

2-8 
4 3 . 75 36. 1 5 . 87 35 . 8  
5 5 . 19 35 . 8  5 , 1 7  35 . 7  
6 7.07 35 .8 4 . 88 36. 1 
8 1 1 . 30 35 . 7  4 . 5 1  36.8  

4 2. 1 7  4 2 . 2° 3 . 3 7  42 .0° 

6 3 . 20 38.0 2 . 22 37 .8  

4- 1 6  
8 4 . 64 35 .5 1 . 80 36.0  
9 5 . 37 35 . 8  1 . 67 35 . 7  

1 2  8.52 34 . 8  1 . 46 35 . 0  
1 6  1 3 . 8  33 . 7  1 . 33 35 . 0  

1 0  6 .08 34 . 0° 1 . 5 2  33 .9° 

15 1 2 . 2  32 . 6  1 . 34 34 . 1  
20 20.5 3 1 . 8  1 . 27 34 .5 

10-40 
24 28. 7 3 1 . 3  1 . 24 34 . 5  
30 43 .4 30.4 1 . 19 35 . 4  
4 0  78 . 3  28.5 1 . 16 35 .6 ---

¢D egre es current lags voltage . 

rrr Voltages  tak en uith Re cto x typ e voltm e ter. 
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D I R ECTIONAL OVERCU RRENT GROUND R E LAYS _________________ _ • 

E N E R G Y  R E Q U I R E M E N T S  

BURDEN DATA OF OPERATI NG CURRENT CI RCUIT - 60 CYCLES 

TY P E  K R P  R E L A Y  

AMP E R E  RANG E TAP VA AT TAP VALU E  rr P . F .  ANGL E¢ VA AT 5 AMPS. 7T P . F .  ANGL E¢ 

. 5  0.40 36.8° 26. 10 42.3° 

. 75 0 .45 35 .3  16 .70 3 6 . 9  

.5-2 
1 . 0  0.53 34 . 1  12 . 10 33 .9  
1 . 25 0 . 62 33 . 1  9.43 33 . 1  
1 .5  0 . 73 32 .3  7 . 94 3 1 . 6  
2 . 0  0 . 96 32. 1 6. 06 3 1 . 1  

1 . 0  0.53 3 1 . 1° 12 .50 3 1 . 2° 

1 . 5  0 . 72 29 . 1  7 . 99 28.2 
2.0 0 . 96 28. 7 6.09 2 7. 8 

1-4 
2.5 1 . 25 28.7 5 . 04 28. 1 
3 . 0  1 . 63 29.6 4.57 28.9 
4 . 0  2 .55 30. 1 3 . 99 30.0  

2 1 . 55 38.3° 9 . 54 37 .6° 

3 2 . 26 35 .5  6 . 25 34 . 8  
4 3 . 20 33 . 2  4 . 98 33. 1 

2-8 5 4 .39  32 .8  4 .40 3 2 . 7  
6 5 . 78 32.4  4 . 05 3 2 . 1 
8 9 . 3 1  3 1 . 8  '3 . 62 32.4 

4 2 . 05 42 .8° 3 . 24 4 2 . 0° 

6 2 . 94 38.5  2 . 03 38.0  
8 4 . 09 35 . 7  1 . 59 3 5 . 7  

4- 16 9 4 . 77 34 . 8. 1 . 46 35.5  
12 7.30 33 .3 1 . 24 34 . 3  
1 6  1 1 . 5  3 2 . 0  1 . 1 1  34 . 2  

1 0  5 . 23 30.9° 1 . 33 30. 8° 

15 10 .5  30 .3  1 . 15 3 1 . 3  
2 0  17 .6  30 .3  1 . 07 30 .8  

10-40 
24 24 . 1  29.4 1 . 05 29.9 
30 36. 8 30. 1 0 . 99 3 1 . 6  
40 64 .9 28.9 0 . 97 3 1 . 9  

<P D  egre es current lags voltage . 
rr Voltages tak en with Recto x typ e  vo ltm eter. 
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DI R ECTIONAL OV ERCUR R ENT GROUND R E LAYS J . L .  4 1 - 1 3 7 K  

of b ack  c ontacts of the directional u nit, or 26 ms  total 
operati ng time  for overcu rrent u nit. The total time for 

directional u nit is 56 ms;  and, sinc e this is the long
e st time,  5 1  ms is the total op erating time  of the re
lay. 

Example 2: 

L et: Ipol = 20 amps .  
lop = 23 . 1  amps .  
T ( tap) = 1 amp . 
¢i = 0 

MPP = lop Ipol Cos ¢ 
. 25 

MPP = ( 20)  ( 23 . 1 )  = 1850 
. 25 

Entering Fig.  5 ,  the directional u nit c losing time 
is  12 ms, and the opening time of its b ack  c ontacts  is 
1 ms. The total op erating time  for the directional u nit 
is 1 2  m s .  

For overcu rrent u nit: 
Mu ltipl es  of plc ku p = lop = 23 . 1  = 23 . 1  

T --� 

Referring to Fig. 6 , the overcu rrent u nit c o ntact 
c losing t ime is  ab ou t 10 ms. Therefore, the total oper
ating time for this u nit i s  1 3  plu s 1 or 14 ms.  In this 
c as e  the total operating time of relay is  14  ms . 

T r i p  C i rc u i t  

The main c ontacts  will s afely c lose 3 0  amperes 
at 250 volts d-e and the seal-in c ontacts of  the in
dicating c ontac tor s wi tc h  will safely c arry this c ur
rent long enough to trip a c irc uit break er. 

The indic ating c ontac tor switc h  has a pic kup of 

approximately 1 ampere . Its d-e resistanc e  is 0 . 1 
ohm s .  

C y l i n de r  U n i t  C o n t a c t s  

The moving c ontact  assemb ly has b een  fac tory 

adjusteri for low c ontac t  bounc e  performanc e and 
shou ld not b e  c hanged. 

The set screw in eac h  stationary c ontact has 
b e en shop adju sted for optimu m follow and this ad

ju stment shou ld not b e  disturb ed .  

S E T T I N G S  

O vercurrent U n i t ( I )  

The only setting required is the pic kup current 
setting whic h  is made by m eans of the c onnector 
sc rew loc ated on the tap plate.  By plac ing  the c on
nec tor screw in the desired tap, the relay will ju st 
c lose its c ontac t s  at the tap value c urrent . 

For c arrier relaying the c arrier trip overcu rrent 
u nit loc ated in the type KRP , KRC or KRD relay 
shou ld b e  set on a higher tap than the c arrier start 
overcurrent u nit loc ated in  the type K A  relay at the 
opposite end of the line. 

C A U T I O N  Sinc e  the tap b loc k c onnector sc rew c ar
ries operating current, b e  sure that the sc rew is 
turned tight. 

In order to avoid openin g  the current transformer 
c irc uits when c hangin g  taps under l oad, c o nn ect  the 
spare tap screw in  the d esired tap position b efore 
removing the other tap sc rew from th e original tap 
position. 

D i rect i o n a l  Uni t ( D )  

N o  s etting i s  required. 

I N S T A L L A T I O N  

The rel ays shou l d  b e  mou nted on switchb o ard 
panel s or their equ ival ent in a l oc ation  fre e  from dirt,  
moi stu re,  exc essive vibration and heat.  Mou nt th e 
relay vertically  by  m eans of the two mou nting stu ds 
for projec tion mounting or by m eans of the fou r mou nt
ing hol e s  on the fl ange for the semi-flu sh mou ntin g. 
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DI R ECTI ONAL OV ERCU R R ENT GROUND R E LAYS __________________ _ 
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183A412 
Fig. 4. Internal Schematic of the Type KRD Relay in the 

FT3 1 Case. 

range , the minimum pick-up is 1 volt and 4 amperes. 

Type K R C  Relay 

The KRC relay i s  designed for current polariza
tion and has its maximum torque whe n  the operating 
current leads the polarizing c urrent by approximately 
40° . 

The directional unit minimum pick-up is 0.5  
ampere in each windin g at the maximum torque angle 
for the 0 . 5  to 2, 1 to 4 ,  and 2 to 8 ampere range relays. 
For the 4 to 16 and 10 to 40 ampere range, the mini
mum pick-up is 1 ampere. 

Type K R D  R e l ay 

The type KRD relay utilizes a directional unit 
similar to the KRC relay in conjunction with the 
directional unit and phase-shifting c ircuit of the KRP 
relay . 

The current-polarized directional unit of the KRD 
relay operates on residual currents while the poten
tial-polarized directional unit of the KRD relay 
operates on residual voltage and residual current. 

For the 0.5 to 2, 1 to 4, and 2 to 8 ampere range 
relays,  the minimum pick-up of the current polarized 
unit is 0.5 ampere in each winding at the maximum 
torque angle . The minimum pick-up for the voltage 
polarized unit is 1 volt and 2 amperes with the cur
rent lagging voltage by 60° . 

For the 4 to 16 and the 10 to 40 ampere range 
relays,  the minimum pick-up is 1 ampere for the cur
rent-polarized directional unit, and 1 volt and 4 

4 

amperes for the voltage-polarized directional unit. 

T I M E C U R V E S  

The time curves for the KRD relay are shown in 
Fig.  5 and 6 .  Fig. 5 consists of  three curves which are: 

1) Directional U nit opening times for current and volt
age polarized. 

2) Directional Unit closing time for current and volt
age polarized. 

3) Directional U nit closing time for 1 volt, voltage 
polarized. 

Fig. 6 shows the instantaneous overcurrent unit 
closing time. 

The voltage polarized curve B begins to deviate 
from curve A for less than 5 volts. 

Both the directional unit and the overcurrent unit 
must operate before the trip circuit can be completed. 
H ence, the unit w hich takes the longer time to oper
ate determines when the breaker will be tripped. The 
overcurrent unit contacts cannot operate until the back 
contacts of directional unit open; therefore , the total 
ti me for overcurrent unit to operate is its closing time 
given in Fig. 6 plus the directional unit opening time 
given in Fig. 5 . The total closing time for the direc
tional unit is given in Fig. 5 . The two examples be
low will serve to illustrate the use of the curves. 

Example 1 :  Using the formulas and definition of sym
bols on Fig. 5 ,  we have-

L et: !pol = 2 amp s. 
lop = 2. 3 1  
Tap V alue (T) = 0 . 5  amp. 
¢ = 0 0 

For current polarized relay: 
* MPP = lop Ipol Cos (cp - 40) 

. 25 
MPP = ( 2. 3 1) ( 2) = 1 8 . 5  

. 25 

Referring to Fig. 5 at multiples of product pickup 
of 1 8 .  5, the directio nal unit opening time is about 1 1  
ms ,  and the clo sing time for this unit is 5 6  ms.  

For overcurrent unit: 
Multiples of pickup = lop = 2. 3 1  = 4. 6 

T Q.5 

Entering the curve in Fig. 6 at multiples of pickup 
equal to 4 . 6 .  the closing time for the overcurrent is 16 
ms.  However, the total operating time for the over
current unit is 1 6 plus 1 0 ,  which is the opening time 
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W I TH RELAT I V E  I N S TAHTAIIEOUS 
POLAR I TY AS StiOWII, HIE 
O I R E C T IOIIAL U N I T COIIT.I.CTS (:LOSE. 

FRONT VIEW 

183A022 

F ig. 2. Internal Schematic ol the Type KRC Relay in the 

FT3 l Case . 

tional unit should pick up for a fault , this short-cir
cuit is removed, allowing the overcurrent contact to 
commenc e closing almost simultaneously with the 
directional contact for high speed operation. 

Overcu rrent U n i t  T ran sformer 

Thi s transformer is of the saturating type for 
limitin g the energy to the overcurrent unit at higher 
values of fault current and to reduce C.T. burden. The 

primary windin g is tapped and these taps are brought 
out to a tap block for ease in changing the pick-up 
of the overcurrent unit. The use of a tapped trans
form er provides approximately the same energy level 
at a given multiple of pickup current for any tap s et
ting, resulting in one time curve throughout the range 
of the relay. 

Across the secondary is connected a non-linear 
resistor known as a varistor. The effect of the var
istor is to reduce the voltage peaks applied to the 
overcurrent unit and phase shifting c apacitor. 

I N D I C A T I N G C O N T A C T O R  S W I T C H  U N I T  ( I C S )  

The indicating contactor switch i s  a small d-e 
operated clapper type device.  A magnetic armature ,  
to which l eaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization of 
the switch. When the switch clos.es,  the moving 
contacts bridge two stationary contacts , completing 
the trip circuit. Also during this op eration two fingers 
on the armature deflect a spring located on the front 
of the switch, which allows the operation indicator 
target to drop . The target is reset from the outside of 
the case by a push rod located at the bottom of the 

J r W I CA f l 11-i 
COIITACTOR 
SWITCI! - - -

WI Tn II ELl T l �E I liST ANT At tOUS 
I'OLAR I TY AS SuOIIIt., THE 
t I ��CT IOIIAL oJN IT COli� ACTS CLOSE. 

FRONT V I EW 

O�EIIWIIIIE IIIT U N I T  
- ( UPPER UN I T )  

___ �AiJSTC , 

-- SATJRA T I N  .. 
TIIAIISFOIIMEII 

;" O I II E C T I OMAL UMIT 
_ ,.... ' ( LOWER UN I T  ) / 

183A025 

Fig. 3. Internal Schematic ol the Type KRP Relay in the 

FT3 l Case. 

cover. 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value of the switch . 

C H A R A C T E R I S T I C S 

The relays are available in th e following current 
ranges: 

Range T a p s  

0.5-2 Amps 0.5 0 .75 1 . 0  1 . 25 1 .5 2 
1-4 1 . 0  1 . 5  2 . 0  2.5 3.0 4.0 
2-8 2 3 4 5 6 8 
4-16 4 6 8 9 12 16 

10-40 10 15 20 24 30 40 

The tap value is the minimum current required to 
j ust close the overcurrent relay contacts. For pick
up settings in between taps refer to the section under 
adjustments. 

T ype K R P  R el ay 

The KRP relay is desi gned for potential polari
zation and has its maximum torque when the current 
lags the voltage by approximately 60 degrees.  The 
shifting of the maximum torque angle is accomplished 
by the use of an internally mounted phase shifter as 
shown in the internal schematic . 

The directional unit minimum pick-up is approxi
mately 1 volt and 2 amperes at its maximum torque 
angle for the 0 .5 to 2, 1 to 4, and 2 to 8 ampere 
range relays. For the 4 to 16 and 10 to 40 ampere 
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Westinghouse I . L .  4 1- 1 37K 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
DIRECTIONAL OVER CU RRENT GRO U N D  RELAY 

TYPES K RP KRC AND K R D  

C A U T I O N  B efore putting relays into service ,  re

move all blocking which may have been inserted for 

the purpose of securing the parts during s hipment, 
make sure that all moving parts operate freely, in
spect the contacts to see that they are clean and 
close properly , and operate the relay to check the 
settings and electrical connections . 

A P P L I C A T I O N  

These relays are high spe ed ground directional 
overcurrent relays which are used for the protection 
of transmission lines and feeder circuits. 

They are also used , without modification to pro

vide directional ground fault protection in the KD 
carrier relaying schem e .  Operation o f  t h e  relays i n  

connection with the carrier scheme i s  fully described 

* in I . L .  40- 20 8 .  

The type KRP relay i s  used where residual volt

age is available for polarizing the directional unit . 

The type KRC is used where this residual voltage 

is not available and residual current must be used. 
The type KRD relay is a dual polarized relay which 
can be polarized from a potential sourc e ,  from a local 

ground source or from both simultaneously. 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

D i re c t i o n a l  U n i t  ( D )  

The directional unit is a product induction cylinder 

type unit operating on the interaction between the 

polarizing circuit flux and the operating circuit flux. 

M echanically , the directional unit is composed of 

four basic components : A die-cast aluminum frame,  

an electromagnet, a moving element assembly , and 

a molded bridge. 

The frame serves as the mounti n g  structure for 
the magnetic core . The magnetic core w hich houses 

the lower pin bearing is secured to the frame by a 
locking nut . The bearing can be replaced,  if neces
sary, without having to remo ve the magnetic core 
from the frame .  

SU P E RSEDE S I . L .  4 1 - 1 37J 
* Denotes change from s u perseded iss ue . 

Th e e lectromagnet has two s eries-connected 

polarizing coil s  mounted diametrically opposite one 

another ; two series-connected operating coils mounted 
diam Etrically opposite one another; two m a gnetic 
adjusting plugs; upper and lo wer adjustin g plug 

clips , and two locating pins . The locating pins are 
used to accurately position the lo wer pin bearin g, 
which i s  threaded into the bridge. The e le ctromagnet 

is s ecured to the frame by four mounting scre w s .  

The moving e l ement assembly consists o f  a spiral 
spring ,  contact carrying mem ber , and an aluminum 
cylinder assembl ed to a molded hub which holds the 

shaft . The shaft has removable top and bottom jewel 
bearings.  The shaft rides between the bottom pin 

bearing and the upper pin bearing with the cylinder 

rotating in an air gap formed by the electromagnet 

and the magnetic core . 

The bridge is secured to the electromagnet and 

frame by two mounting screws. In addition to holding 

the upper pin bearing,  the !Yidge is u sed for mounting 

the adjustable stationary contact housing. The sta

tionary contact housing is h eld in po sition by a 

spring type clamp. The spring adjuster is located on 

the underside of the bridge and is attached to the 

moving contact arm by a spiral spring .  The s pring 

adjuster is also held in place by a spring type clamp. 

With the contacts closed, the e le ctrical conn ec
tion is made through th e statiomtry contact housing 

clamp,  to the moving c ontact , throu gh th e spiral 

spring out to the spring adjuster clamp. 

O vercurrent  U n i t  { I )  

The overcurrent unit is s imilar in construction to 
the directional unit. The time phase relationship of 
the two air gap fluxes necessary for the development 

of torque is achieved by m eans of a cap acitor con
nected in s eries with one pair of pole windings. 

The normally-closed contact of the directional 

unit is connected across one pair of pole windings 

of the overcurrent unit as sho wn in the internal sche

matics. This arrangement short-circuits the opera
ting current around the pol e  windings; preventing the 

overcurrent unit from developing torque. If the direc-
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INSTALL A Tl 0 N 
Westinghouse I . L. 41 - 1 37.3E 

• O PERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KRD-4 DIRECTIONAL OVERCURRENT 

GROUND RELAY 

CAUTION: Before putting relays into service , re
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment, 
mak e  sure that all moving parts op erate freely, in
spect the contacts to see that they are clean and 
close properly , and operate the relay to check the 
settings and electrical connections. 

A P P L I C A T I O N  

The KRD-4 relay is a high speed directional over
current relay whic h is used for the protection of trans
mission lines and feeder transmission lines and feeder 
circuits. These relays are dual polarized relays which 
can be polarized from a potential source,  from a local 

ground source ,  or from both simultaneously. 

They are also used , without modifications to pro

vide directional ground fault protection in the KD-4 
carrier relaying scheme. Operation of the relays in 
connection with the carrier scheme is fully described 
in I. L .  4 1-9 1 1 .  

C O N S T R U C T I O N  

The type KRD-4 directional ov ercurrent ground 

relay consists of a dual polarized directional unit, 
an instantaneous overcurrent unit, and an indicating 
contactor switch. The principal parts of the relay and 
their location are shown in Fig. 1 to 3 .  

A. DI R E CTIONAL UNIT (D) 

The directional unit of the KRD-4 consists of an 

induction cylinder unit, phase shifting network , and 
a de-coupling network . 

L I nduction Cyl i nder Unit  

The cylinder unit is a product type in which tor

que is pro duced by the phase relationship of an oper

ating flux and a polarizing flux on an aluminum cylin
der supporting a moving contact arm. A contact open
ing torque or a contact closing torque is produced 
depending upon the phase relationship between the 
two fluxes. 

SUPERSEDES I . L .  41 -1 37.30 
* Denotes chan ge from s u perseded 1 ss u e .  

The cylinder unit consists of  thre e basic assem
blies: an electromagnet ass embly, a moving e lem ent 
assembly, and a stationary closing assembly. 

The electromagnet assembly consists of an elec

tromagnet , an adjustable magnetic core, two magnetic 

adj usting plugs, lower bearing pin, and a die-casted 
aluminum frame.  The moving element assembly con

sists of a spiral spring ,  contact carrying member, and 
an aluminum cylinder which is assembled to a molded 
hub which holds the shaft. The shaft has removable 
top and bottom j ewel bearings. The stationary con
tact assembly consists of a molded bridge,  upper 
bearing pin, stationary contact housing and spring 
adj uster is located on the underside of the bridge 

and is held in plac e  by a spring type clamp. It is 
attached to the moving contact arm by a sptr al spring. 

The electromagnet has four pole s ,  two operating 
poles and two polarizing poles.  Each pair of pol es 

are diametrically opposite each other and are excited 
by series connected coils. (Two sets of series con
nected coil s  are used to e xcite the polarizing pole s ,  
o n e  set for current polarizing and t h e  other s e t  for 
voltage polarizing). The e lectromagnet is perm anently 
mounted to the frame in such a manner that an air 
gap exists between the pole faces of the electro magnet 
and the magnetic core. The aluminum cylinder of the 
moving element assembly rotates in this air gap on 
the upper and lower pin bearing. 

With the contacts closed, the electrical connec
tion is m ade through the stationary contact housing 
clamp , then the moving contact , through the spiral 
spring out to the spring adjusted clamp . 

2. Phase Sh ifti ng Network 

The phase shifting network co nsists of a resistor , 

capacitor and reactor in the polarizing circuit of the 

directional unit , and a saturable shunt in the oper
ating circuit. 

3. De-Coupl ing Network 

Th e  de-coupling .network consists of an air gap 
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Fig. 1 .  Typ e KRD-4 R elay (Front Vi ew). 

D E COU P L E R  
CAL I B RATION 

R ESISTOR 

O Y E RCURR ENT 
U N I T  

OVERCURRENT 
TAP BLOCK 

D I R ECTIONAL =--- UN I T  

I N D I CATING 
..,._-- CON TACTO R 

SWI TCH 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E K R D-4 DI R E CTIONAL O V E RCURRENT 
G ROUND R ELAY _______________________________________________________ 

•
_. L_. _41_- 1�3�7-�3E 

Fig. 2. Type KRD-4 Relay (R ear View). 
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TYP E KRD-4 DI R ECTIONAL O V E RCUR RENT 
GROUND RELAY ______________________________________________________________ _ 

transform er ,  capacitor ,  reactor, and re sistor. Elec
trically thi s n etwork is equivalent to the polarizing  
circuit of the  induction cylinder unit and is utilized 
to minimize the coupling  between the current and 
potential polarized sources .  

B. I NSTAN TAN EOUS OVERCURRENT UN I T  ( I )  

The instantaneous overcurrent unit consists of an 
induction cylinder unit, capacitor ,  varistor , and a 
transformer .  The components are connected such that 
a contact closing torque is produced when the current 
exceeds a specified value .  

1 .  Cyl inder Unit  

The cylinder unit  is  similar in construction to the 
cylinder unit of the directional unit except that all 
coils are similar . The phase relationship of the two 
air gap fluxes necessary for the development of tor
que is achieved by means of a capacitor connected 
in series with one pair of pole windings. 

2. Tran sformer 

The  transformer is a saturating type consisting 
of a tapped primary winding and a secondary wind
ing. A varistor is connect ed acros s  the secondary 
winding to reduce the voltage peaks  applied to the 
cylinder unit and phase shifting capacitor .  

C. I NDI CATI NG CONTACTOR SWI TCH ( I CS) 

The indicating contactor switch is a small d-e 
operated clapper type device. A magnetic armature 
to which leaf- spring mounted contacts are attached, 
is  attracted to the m agnetic core upon energization 
of the switch. When the switch closes ,  the moving 
contacts bridge two stationary contacts ,  completing 
the trip circuit. Also during this operation two fingers 
on the armature defl ect a spring located on the front 
of the switch,  which allows the operation indicator 
target to drop. The target is reset from outside of the 
case by a push rod located at the bottom of the cover. 

The front spring,  in addition to holding the tar

get, provides restraint for the armature and thus con
trols the pickup value of the switch. 

O P E R A T I O N 

The type KRD-4 relay is connected to the pro
tected transmis sion line as shown in Fig. 4. In such 
a connection ,  the relay operates to di sconnect the 
line for ground faults of a definite magnitude that are 
flowing in a specified direction. 

4 

The directional unit of the relay compares  the 
phas e angle between the fault current and the polari
zing quantities  of the system and either produce s  a 
contact closing torque for faults in the trip direction 
or produces a contact opening torque for faults in the 
non-trip direction .  Relay operation occurs when both 
the directional unit and the instantaneous overcurrent 
unit close their contacts .  Hence ,  the fault current 
must be greater than the tap setting of the overcurrent 
unit. 

For faults in the non-trip direction ,  a contact 
opening torque is produced by the directional unit 
such that the normally closed contact of thi s  unit 
shorts out a pair of windings on the overcurrent unit. 
This prevents the overcurrent unit from developing 
torque to close its contacts .  For faults in the trip 
direction ,  the directional unit will pickup and re
move this short circuit , allowing the overcurrent con
tact to commence closing almost simultaneously 
with the directional contact for high speed operation.  

C H A R A C T E R I S T I C S 

The rel ays are availabl e in the following current 
ranges:  

Range 

0 . 5- 2  Amps .  0 .5 _D . 75  

1-4 1 . 0  1 . 5  

4- 16 4 . 0  6 . 0  

10-40 10 1 5  

Taps 

1 . 0  1 . 25 1 . 5  2 

2 . 0  2 . 5  3 . 0  4 . 0  

8 . 0  9 . 0  1 2  16  

20 2 5  3 0  40 

The tap value is  the minimum current required to 
just close the overcurrent relay contacts. For pickup 
settings in b etween taps  refer to the section under 
SETTINGS. 

The KRD-4 relay is  designed for dual polarizing 
and can be  polarized from a potential source ,  a local 
ground source or from both simultaneously. When the re
lay is potential polarized, the maximum torque of the 
relay occurs when the operating current lags the 
polarizing voltage by approximately 65 degrees. When 
the relay is current polarized, the maximum torque of 
the relay occurs when the operating current is  in 
phase with the polarizing current. 

TIME CURVES 

The time curves for the KRD-4 relay are shown 
in Fig.  5 and 6. Fig.  5 includes  three curves  which 
are :  
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TYP E K R D-4 D I R E CTIONAL O V E RC U R RENT 
GROUND RELAY ------------------------------------------------------------•_. L_._4_1 -_1 3_7. __ 

JE 

1 .  Directional Unit opening times for current , 
voltage, or dual polarized. 

2 .  Directional unit clo sing times  for current , 
voltage or dual polarized. 

3 .  Directional unit closing time for 5 volts 
voltage polarized. 

Fig_ 6 shows the instantaneous overcurrent unit 
closing time 

The voltage polarized curve ( curve B in  Fig 5)  
begins to deviate from curve A at about 10  volts 
polarization 

Both the directional unit and the overcurrent unit 
must operate before the trip circuit can be  completed. 
Hence, the unit which takes the longer time to oper
ate determines when the breaker will be tripped. The 
overcurrent unit contacts cannot operate  until the 
back contacts of the directional unit open; therefore ,  
the total time for the overcurrent unit  to operate i s  
i t s  closing time given in Fig. 6 plus the  directional 
unit ' s  opening time given in Fig. 5 .  The total closing 
time for the directional unit i s  given i n  Fig. 5 .  The 
two examples below will serve to illustrat e  the use 
of the curves .  

(Example One)  definition of symbols are shown 
on Fig. 5 .  

let :  I pol = 1 .  5 amp . 

lop = 3 amp 

tap value (T) = 0 . 5  amp . 

£1 = oo 
for a current polarized relay :  

MP P =
�lpo��o

_
:!_

_ 
0 . 25 

( 3 )  ( 1 . 5) 
M P P  = = 1 8  

0 . 25  

Entering the curves in  Fig. 5 a t  multiples of  product 
pickup of 18 the directional unit opening time is 4 
ms ,  and the closing time for this unit i s  3 3  ms .  

For the  overcurrent unit : 1 
t ·  f · 

op 
mul 1ples o p1ckup = �-

3 - - - 6  - 0 . 5-

Entering the curve in Fig. 6 at multiples of pickup 
equal to 6 the closing time for the overcurrent is 1 4  

m s .  However, the total operating time for the overcurrent 

unit  is 14 plus 4 ms ,  which is the opening time of  back 
contacts of  the directional unit, or 18 ms total operating 
time for the overcurrent unit . The total operating time 
for the directional unit is 33  ms ;  and since this i s  
the longest time ,  33  ms i s  t h e  total operating time of 
the relay .  

(Example Two ) 

let :  lpol = 1 5  amp 

lop = 25 amp 

T (tap) = 1 amp. 

£1 = 0 

M P P  = �����-

0 . 2 5  

M P P  = 1 500 

referring to Fig. 5 the directional unit closing time 
i s  8 ms. and the opening time of its back contacts is 
3 m s .  The total operating time for the directional 
unit i s  8 ms .  

For the  overcurrent unit : 

lop 
multiples of pick up = -

T 

= 25 

referring to Fig.  6 the overcurrent unit  contact clos
ing time i s  1 0  ms .  Therefore,  the total operating time 
for this unit i s  10 + 3 ms or 13 ms. In this case the 
total operating time of  the relay is 13 ms .  

T r i p  C i rcui t 

The m ain contacts will safely clo se 30 amperes 
at 250 volts d-e and the seal-in contacts of  the indi
cating contactor switch will safely carry this current 
long enough to trip a circuit breaker. 

The indicating contactor switch has a pickup of 
approximately 1 ampere. Its d- e resistance is 0 .  1 ohms .  

Cyl i nder Unit  Contacts 

The moving contact assembly has been factory 
adj usted for low contact bounce performance and 
should not be changed. 

The set screw in each stationary contact has 
been shop adjusted for optimum follow and this ad
justment should not be disturbed. 
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TYP E K R D-4 DI R ECTIONAL OVERCURRENT 
GR OUND R ELAY ______________________________________________________________ _ 

* TABL E I 

DI R ECTIO NAL UNI T SENSI TIVITY 

--
Polarizing Quantity Values for Min. Pickup Phase Angle 

Volts Amperes 
Relationship 

VOLTAGE 1 '------ 0 .7 * I lagging V by 65" 

1 1 .5 * I In Phase with V 
,--- ---� r---

CURRENT 0 . 5  * In-phase 

* or less  

The energization quantities are input quantities at 
the relay terminals .  Maximum torque angle. 

fiDICATIIO 
COITACTOIDIITCM 

DI IECTIOIAL 
COIUCTS 
(LMI UIIT) 

. ... 

WCTOI ---

Will IEUTIYE 
tiSTAIIT.liEOUS 
I'OUI ITY AI SMCMI, TW: DllECTI Oill UI I T  
COITACTS tlll( 

IMTUIUL SCHEMA T I C  

fROtH V I EW 

OYEICIIIEIT Ull T 
(Vffll UIIT) 

YAIISTII 

DIHCTIOIAL .IT 
(LMI IMIT) 

1£0- UIIU 
nst AITCII 

QIUEIT Tf:IT "AU 
TE811Ul 

629A509 
Fi g. 3. Intern al Schemati c of the Type KRD-4 Relay in 

the Type F T3 1  Case. 

6 

TABL E I I  

D I R ECTIONAL U N I T  CAL I B RATION 
- -- -

Relay Cur 
--- -
rent 
eres 

--- - -------

Both Plugs In 
Condition Rating Amp 

[-------�-�-----=--
Adj ustment 

All Ranges 8 

All Ranges 8 

0 Spurious torque in con- Right (front view 
tact closing direction Plug Screwed out 
(left front view) until spurious tor-

que is reversed. 
�-1--- ------ -

0 Spurious torque in Left (front view) 
contact opening di- PI ug screwed out 
rection (Right front until spurious tor-
view) (Contact que is in contact 
remain ap,:n) closing directions. 

Then the plug is 
screwed in until 
spurious torque is 
reversed. 

--- --�---- ---

P R '  
DE(OUPLE.'f TRA.N5f0RMER 

SEC. 

OEVICE 1\L.MIUR CHART 
(0.7N - Dlf'<'EC.TIONAL OVE.I?CURRENT !;IK>UND RELAY TYPE KRD · 4 

D - DIRECTIONAL UNIT OF TYPE KRD·"t 
32 - POWER C I R C U I T  BREAI'iE.R 

:cs - I N D I CATING CONTAC.TOR. SWITC..H 
a_ - BRE:A�E.R AUJtH .• IAifY CONTACT 

TC - BRt"KER TRIP COIL. 

629A946 
Fig. 4. External Schematic For the Type KRD-4 Relay. 
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TYP E K R D-4 DLRECTIONAL O V E RCURRENT I.L. 4 1 - 1 37.3E 
GROUND R ELAY __________________________________________________________ __ 

S E T T I N G S  

Overcurrent Un it  (I)  

The only s etting required is  the pickup current 

setting which is made by means of the connector 
screw located on the tap plate. By placing the con
nector screw in the desired tap,  the relay will just 
clo se its contacts at the tap value current. 

If adj ustment of p1ck-up current in between tap 
settings is desired insert the tap screw in the next 
lowest tap setting and adj ust the spring as described. 
It should be noted that this adj ustment results in a 

slightly different tim e  characteristic curve and bur

den. 

For carrier relaying the carrier trip overcurrent 
unit located in the type KRD- 4 relay should be set 
higher than the carrier start overcurrent unit located 
in the typ e KA- 4 relay at the oppo site end of the line. 

CAUTION: Since the tap block connector screw car

ries operating current, b e  sure that th e screw is 

turned tight. 

In order to avoid op ening the current transformer 

circuits when changing taps under load ,  connect the 
spare tap screw in the desired tap po sition before 

removing the other tap screw from the original tap 
position.  

ENERGY REQUIREMENTS 

BURDEN DATA OF OPERATING CURRENT CIRCUIT - 60 CYCL ES 

AMPERE TAP 
RANGE 

. 5  

. 7 5  
1 . 0  

. 5- 2 1 .  25 
1 . 5  
2 . 0  

.. --

1 . 0  
1 . 5  
2. 0 

1-4 2 . 5  
3 . 0  
4 . 0  

------ -- - .  ·- ---- ·-

4 
6 
8 

4- 16  9 
1 2  
16  

-- --·· -

10 
1 5  

10-40 20 

25 
30 
40 

t VA at 50 Amperes. 

VA AT TAP 
VALUE 

. 23 

. 5 2  

. 94  
1 . 56 
2 . 17 
3. 88 

1 . 3  
2 . 85  
5 . 2 
7 . 75  

1 1 . 4  
10 .6  

---- --·- ·-c-· 

5. 6 
10 . 8  
17 . 6  
22 .5  
39 . 5  
69 

- ·  

28 
6 1  

1 08 
169 
252 
432 

P . F .  ANGLE 
� 

54° 
54° 
54° 
54° 
54° 
54° 

-

5 2° 
52° 
52° 
52° 
52° 
52° 

·-- --·� 

43° 
46° 
47° 
48° 
50° 
52° 

49° 
5 1° 
53° 
54° 
56° 
57° 

VA AT 5 AMPS 

47 
36 
3 1  
28 
26. 5 
24 

3 1 . 5  
27 . 3  
25. 0 
24. 2 
23. 8 
23 . 3  

--· --- ··----

6 1 0t 
570t 
560 t  
550t 
550 t 
55 0t 

545t 
540 t 
535 t 
530 t 
525t 
525 t 

P . F .  ANGLE 
� 

52° 
5 2. 5° 
53° 
53 .5° 
54° 
55° 

5 1° 
5 1 . 5° 
52° 
52 . 5° 
53 
53 .5° 

-

53° 
54° 
54° 
55° 
56° 
56° 

50° 
5t o  
52° 
53° 
53° 
53° 
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TYP E  K RD -4 DI R ECTIONAL O V E RC U R R E N T  
GROUND R ELAY ____________________________________________________________ ___ 

DIRECTIONAL UNIT POLA RIZIN G CIRCUIT BURDEN 

CIRCUIT 

Current 

Voltage 

RA TING 

230 t t  
amperes 

208 t t t 
volts 

-�- � - - � ---� - ----- - -- � -----c--=c-=-� 
VOLT AMPERES L'I POWER FACTOR 

ANGLE 0 -- ------- +----------t 
1 . 20 3° Lag 

2 1 . 0 28° Lead 

-- � �--- �--� �-- --------__J 

0 Degrees current l eads or lags voltage at 120  vo lts on voltage polari zed units 
and 5 amperes on current polarized uni ts .  

6 Burden of voltage polarized unit taken at 1 20 volts . Burden of current polar
ized units tak en at 5 ampe res .  

tt  One seco nd rating.  

ttt 30 second rating. The 10  seco nd ratin g is  345 vo lts. The  co ntinuous rating 
is 1 20 vol ts .  

D i rectional Unit  (D) 

No setting is required.  

I N S T A L L A T I O N 

The relays should be mounted on switchboard 
panels or  their equivalent in a location free  from dirt , 
moisture, excessive vibration and heat. Mount the re
lay vertically by means of the two mounting studs 
for projection mounting or by means  of the four mount
ing holes  on the flange for the semi-flush mounting. 
Either o f  the stud s or the mounting screws may b e  

utilized for grounding the relay .  The electrical con
nections may be made directly to the terminals by 
means of  screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting .  The terminal studs may be easily removed 
or inserted by locking two nuts on the stud s  and 
then turning the proper nut with a wrench. 

For detailed information ,  refer to I .L .  4 1-076.  

A D J U S T M E N T S A N D  M A I N T E N A N C E  

The proper adj ustments to insure correct opera
tion of this relay have been made at the factory . Up
on receipt of the relay ,  no customer adjustments,  
other than those covered under "SETTINGS, " should 
be required.  

Acceptance Check 

The following check is  recommended to insure 
that the relay is  in proper working order. 

8 

Overcurrent Un it  ( I )  

1 .  Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de
energized position should be approximately 
. 020. " 

2. Minimum Trip Current - The normally-closed 
contact o f  the directional unit should be  
blocked open when checking the pick-up o f  
t h e  overcurrent unit. 

The p1ck-up of the overcurrent unit c an be 
checked by inserting the tap screw in  the 
desired tap hole and applying rated tap value 
current. The contact should close  with ±5% of 
tap value current. 

D i rectional Un i t  (D) 

1 .  Contact Gap - The gap between the stationary 
contact and moving contact with the relay in  
the  de-energized position should be  approxi
mately . 020 . "  

2 .  Sensitivity - The respective directional units 
should trip with value of energization and 
phase angle relationships as indicated in 
Table 1 .  

* 3 .  Spurious Torque Adjustm ents - There should 
be no spurious closing torques when the oper
ating circuits are energized per Table 2 .  

4 .  Coupling - Apply 20 amperes to terminals 6 
and 7 .  Measure voltage across terminal s  4 and 
5. Should be less  than 20 volts .  
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T Y P E  K,RD-4. D I RECTIONAL O V E RCURRENT 
G ROU .. 'D  RELAY 

I.L. 4 1 - 1 37.3E 
·� ---------------------------------------------------------------

" 

" 

50 

!/) Cl z 10 0 u "' !/) 
.J .J 
::i !0 z 
"' ::i 
;::: 

!0 

IO 

60 

�0 

1----· (f) 4 0  0 z 0 u LIJ (f) 
:::; 
.J 30 ::i 
z 
"' 
:::0 
1- 2 0  

10 

\ 

I I I  K RD-4 RE L AY 

TYPICAL OPER ATI N G  T I M E S  

FOR POTENT IAL POLARIZED DIRECTIONAL UNIT CLO S I N G  A N D  ' MPP = EpoL I Qp COS (8 -6001 
OPE N I N G  TI M E S  o. 6 !S 

\ FOR C U R R ENT POLARIZED 

MPP = 
IpoL lop COS { jill l 

0. 25  
F O R  DUAL PO LARI Z E D  

\ 
EpoLI:Qp C O S ( &  

MPP' 0,65 
60°) l poL IQp COS00 + 0.25 

1\ 

'\� 
WHERE MPP= MULTIPLES OF PRODUCT PICKUP 

E pol POLARI Z I N G  VOLTAGE 
IPOCPOLARI Z I NG CURRENT 
I op =OPERAT I N G  CURRENT 

8 �ANGLE BY W H I CH 1 oP LlGS EpoL 
, =ANGLE BY WHI CH l.Q_P: l-AGS lpQ\.. 

-, ' 
�� � -K --

D I R E CTIONAL U N I T  CLOSING T IMES  
{ A  l CURR E N T ,  VOLTAGE , OR D U AL POLARIZED 
{ B l  � V OLT VOLTAGE P OL AR I ZED .......... 1-r---r--

DIRECT I ONAL U N I T  OPENING TIMES r--.. CURRENT, VOLTAGE, OR DUAL POLARIZED 

I I I I l l 
I l l 

4 5 6 7 8 9 10 20 30 40 50 80 10 100 200 300 � 00 6 00 100 1000 2000 3000 
MULTIPLES OF PRODUCT PICKU P  

Fig. 5 .  Typ i cal Time Curves for t h e  Directional Unit. 

KRD-4 RELAY 

T YPICAL OPER'ATING T IMES 

INSTANTANEOUS OVERCURREN T UNIT 

CLOS IN G TIMES 

\ 
� 
� � ........... ' r---.... ........ r-,_ 

4 9 10 20 30 40 

M U LTIPL E S  OF PICKUP 

Fig. 6. Typi cal Time Curve s fo r the In stantaneous Overcurren t Unit. 

1--

scoo 
763A034 

763A035 
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TYP E K RD-4 DI RECTIONAL O V E RC U R R ENT . .  

GROUND RELAY-------------------------------------------------------------

I nd i cati ng Contactor Swi tch ( I CS) 

Close  the main relay contacts and pass sufficient 
d-e current through the trip circuit to close the con
tacts of the res. This value of current should be be
tween 1 and 1 .  2 amperes.  The indicator target should 
drop freely . 

The contact gap should be approximately 5/64 " 
between the bridging moving contact and the adjus
table stationary contacts .  The bridging moving con
tact should touch both stationary contacts simul
taneously. 

R O U T I N E  M A I N T E N A N C E  

All relays should be  inspected periodically and 
the operation should be checked at least once every 
year or at such other time intervals as may be dic
tated by experience to be suitable to the particular 
application .  

All contacts should be  periodically cleaned. A 
contact burnisher Sit 1 8 2A836HO 1 i s  recommended for 
thi s  purpose .  The use of abrasive material for cl ean
ing i s  not recommended because of the danger of em
bedding small particles  in the face of the soft silver 
and thus impairing the contact. 

Cal i brat ion 

Use the following  procedure for calibrating the 
relay if the relay has been tak en apart for repairs or 
the adjustments have been disturbed. This procedure 
should not b e  u s ed unless it  is apparent that the 
r el ay is not in working order. (See "Acceptanc e 
Check ' ' ) .  

Overcurrent Un it  ( I )  

1 .  The upper pin bearing should be  screwed down 
until there i s  approximately . 025 clearance between 
it  and the top of  shaft bearing .  The upper pin bear
ing should then b e  securely locked in position with 
the lock nut. The lower bearing position is fixed and 
cannot be adjusted. 

2. The contact gap adjustment for the overcurrent 
unit is made with the moving contact in  the reset 
position ,  e. g. , against  the right side of the bridge.  
Advance the stationary co ntact until the contacts 
just close .  Then back off the stationary contact 2/3 
of one turn for a gap of  appro ximately . 0 20 ' ' .  The 

clamp holding  the stationary con tact housing need 
not be loosened for the adjustment since the clamp 
utilizes a spring-type action in holding the stationary 

10 

contact in po sition .  

3 .  The sensitivity adj ustment is  made by vary
ing the tension of the spiral spring attached to the 
moving element assembly. The spring is adjusted by 
placing a screwdriver or similar tool into one of the 
notches  located o n  the periphery of the spring ad
juster and rotating it .  The spring adjuster is l ocat ed 
on the underside of the bridge and i s  held in place 
by a spring type cl amp that do es not have to be 
loosened prior to making the necessary adjustments .  

Before applying current ,  block open the normally
clos ed contact of the directional unit. Insert the tap 
screw in  the minimum value tap setting and adj ust 
the spring such that the contacts will close as indi
cated by a neon lamp in the contact circuit wh en 
energized with the required current. The pick up of 
the overcurrent unit with the tap screw in any other 
tap should be within ±5% of tap value .  

D i rectional Unit  (D) 

1 .  The upper  bearing screw should be screwed 
down until there is approximately .025 clearanc e b e
tween it and the top of the shaft bearing.  Th e upper 
pin bearing should then be  securely locked in  position 
with the lock nut. 

2. Contact Gap. Adjustment for the directional 
unit is made with moving contact in the reset po si
tion ,  i . e . , against the right side of the bridge.  Ad
vance the right hand stationary contact until the 
contacts just close .  Then advance the stationary 
co ntact an additio nal o ne-h al f  turn. 

Now move the in  the left-hand stationary contact 
until i t  just touches the moving contact. Then back 
off the stationary contact 2/3 of one turn for a con
tact gap of approximately . 020" .  The clamp holding 
the stationary contact housing need not be  loosened 
for the adj ustment since the clamp utilizes a spring
type action in holding the stationary contact in 
position. 

3 .  Sen sit iv ity. Insert tap screw of overcurrent 
unit in highest tap .  The sensitivity adjustment is 
made by varying the tension of the spiral spring at
tached to the moving element assembly. The spring 
i s  adjusted by placing a screwdriv er or similar tool 
into one of the notches located on the periphery of 
the spring adj uster and rotating i t .  The  spring ad
juster is located on the underside of the bridge and 
is held in place by a spring  type clamp  that does not 
have to be loosened prior to making the necessary 
adjustments. 
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TYP E  K·RD-4 D1 R ECTIO NAL OVERCURRENT 
GROUND R ELAY --------------------------------•·_L. 4 1• 137·3E  

The spring i s  to be  adjusted such that the con
tacts will close with . 5  amperes flowin g into ter
minal 6 and out terminal 8 with terminals 7 and 9 
jumped together . (Use 0 .7 Amps for 4 - 1 6 and 1 0-40 
Amps . )  

4 .  De-Coupl i ng Adjustment. Connect high re-
sistance, low reading voltmeter acro s s  terminals 4 
and 5. Pass 80 amperes into terminals 6 and 7 and 
adju st top right hand resi stor ( front view) until a mini
mum voltage is obtained. Use care not to overheat 
relay during test. 

_tl:___S_�r_:_
Ad j u stme"!� Apply 1 0  amperes to ter

terminals 8 and 9 with all other terminals open circuited. 
Adjust core such that the contacts remain open. The 
core can be adjusted by the use of a screwdriver in 
the slot s in the bottom of the cylinder unit. 

6: Pl ug Adj ustment. Apply current to terminals 
8 and 9 with all other terminals open circuited. Plug 
adj ustment is  then made per Table II such that the 

KRD-4 RE LAY 
TEST C I RCU IT 

___ ______ ...,,___ 

[ I  
v' � v / PHASE I "i v 

SHIFTER 

/(. �,.... A ;----· I 
± 0 

PHASE 

ANGLE 
r- "' +  METER 

� 

· VARIAC 

-��.u.\j 

spurious torques are reversed. The plugs are held in 
position by upper and lower plug clips .  These clips 
need not be  disturbed in any manner when making the 
neces sary adjustment. 

I ndi cating Contact Switch ( I CS) 

Adjust the contact gap for approximately 5/ 64" 
(- 1/64 " ,  +0) .  

Close the m ain  relay contacts and check to  see 
that the relays pick up and the target drops between 
1 and 1 .  2 amperes d-e .  

R E N E W A L  P A R T S  

Repair work can be  done most satisfactorily at 
the factory. However ,  interchangeable parts can be 
furnished to the customers who are equipped for doing 

repair work . When ordering parts always give the com
plete nameplate data. 

KRD-4 
RE LAY 

1 2 4 5 8 9 1 0  
0 O :t  ± 0 
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TYP E K RD-4 DI R E CTIONAL OVE RCUR R E N T  . -
GROUND RELAY ________________________________________________________ ____ 

• 190-32 SCREW 

w � � SPACERS FOR 
u ���� P�ns 

l,/1 001 � +. t�ofmcK � I ANEL USE 
. ·  . ! � !... Ill STUDJ : + " 

r . 1 90-!2 SCtEW 

5 9  25 r-- I& , I 1t �· 
-loo ... 

P�EL CUTOUT & DRI LL I NG 
FOR SEMI•FlUstl MT& • 

2 !! �  
16  1 

PANEL DRI LL I NG 0� CUTOUT FOR 
PIIOJ f.CTI 011 MTG. 

( FROIIT V I EW) 

D I A.� HOLES FOR 
• 190-32 MTB· SCREWS 

.1 
I I D I A . 2  NOLES 

TEIINIIIAL 
II UMBEl! 

57-D- 7902 

Fig. 1. Outline and Drilling Plan for th e Type KRD-4 Relay in the F T3 1  Case. 

WESTINGHOUSE ELECTRIC CORPORATION 
RKLAY·INSTRUMKNT DIVISION NKWARK, N. J. 
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INSTALLATION • 

Westinghouse 1 .  L .  4 1 - 1 37 . 2D 

OPERATION • MAINTENANCE 

INS T RUCTIONS 
TY P E  K RV D I R ECTI O N A L O V E R  C U R R ENT R E LAY 

FOR PHASE PROTE CTION 

C A U T I O N  Before putting r elays into s ervic e,  remove 
all blocking which may have been inserted for the 
purpose of securing the parts during shipment, make 
sure that all moving parts operate  freely, insp ect the 
contacts to see that they are cl ean and clos e  prop er
ly, and op erate the  relay to check t he settings and 
electrical conn ections . 

A P P L I C A T I O N  

These relays are high speed phase directional 
overcurrent relays which are used for the protection 
of transmi ssion lines and feeder ci rcuits .  

CO N S T R U C T I O N  A N D  O P E R A T I O N 

The Typ e KRV relay consists of a directional 
unit (D) ,  an auxiliary switch ( CS- 1 ) ,  an instantaneou s 
unit ( I ) ,  an instantaneous overcu rrent u nit transformer, 
and an indicating contactor switch (ICS) . The prin
ciple component parts of the relay and their location 
are shown in Figs .  1 and 2 .  

D i re c t i o n a l  U n i t  ( D )  

The directional unit is  a product indu ction cylin
der type unit op erating on the interaction between the 
polarizing circuit flux and the op erating circuit flux .  

Mechanically ,  the directional unit i s  composed of  
four basic components :  A die-cast aluminum frame ,  
an electromagnet , a moving elem ent as sembly,  and a 
molded bridge.  

The fram e serves as the mounting structur e for 
the magn etic core.  The magnetic core which houses 
the lower  pin bearing i s  secured to the frame by a 
spring and snap ring. Thi s  i s  an adjustable core 
which has a .025  inch flat on on e side and is h eld in 
its adjusted position by the clamping action of  two 
compressed sp rings. The bearing can be  replaced, if 
neces sary , without having to remove the magnetic 
core from the frame. 

SUPERSEDES I . L .  4 1 - 1 37 . 2C 
*Denotes c hange from s uperseded 1 ssue .  

The slectromagnet has two series-conn ected 
polarizing coils mounted diametrically opposite one 
another ,  two seri es-connected operating coils mounted 
diametrically opposite one anoth er; two magnetic ad
justing plu gs; upper and lower adjusting plug clips, 
and two locating pins. The locating pin s are used to 
accurately position the lower pin bearing, which i s  
mounted o n  the fram e,  with respect to the upper pin 
bearing,  which is threaded into the bridge. The elec
tromagn et i s  secured to the frame by four mounting 
screw s.  

The moving element assembly consists o f  a 
spiral spring ,  contact carrying m ember, and an alumi
num cylinder assembled to a molded hub which holds 
the shaft. The shaft has removable top and bottom 
j ewel bearings. The shaft rides betw een the bottom 
pin bearing and t he upper pin bearing with the cylin
der rotating in an air gap formed by the electromagnet 
and the magnetic core. 

The bridge is s ecured to the el ectromagnet and 
frame by two mounting screws.  In addition to holding 
the upper pin bearing,  the bridge i s  u sed for mounting 
the adjustable stationary contact hou sing. The sta
tionary contact housing i s  h eld in  po sition by a spring 
type clamp. The spring adj uster is located on the 
underside of  the bridge and is attached to the moving 
co ntact arm by a spiral spring. The spring adju ster 
is  also h eld in place by a spring type clamp. 

With the cont acts closed ,  the electrical connec
tion i s  made  through the stationary contact housing 
clamp , to the moving contact, through the spiral 
spring out to th e spring adjuster clamp. 

I n s t a n ta n e o u s  O v e r c u r r e n t  U n i t  (I) 

The instantan eous overcurrent unit is simi lar in 
construction to th e directional unit. The time phase 
relationship of the two air gap fluxes necessary for 
the development of torque i s  achieved by m eans of a 
capacitor connected in series with one pair of pole 
windings.  
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_-RI DGE RECTIFIER 

CS- 1 UNIT 

ICS UNIT 

Fig. 1.  Typ e KRV Relay Without Case (Front Vi ew) 

UNIT RESI STOR 

Fig. 2.  Type KRV Relay Without Case ( Rear View) 

• 

-1 
-< 
"tl 
m 

� 
;:a 
< 

;:a 
m 
r
>
-< 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



-

TY P E  K RV R ELAY ------------------------------
1
-_L_. 4_1_- 1_3_7._2 0 

tiiDICI.TII6 
COIITlCTH 
IWITCII 

lUI I LillY 
SWITetl 

Wlnl tELATIYE I UTAIIUIEMS 
l'tLAIITY AS liM, TWE 
,. UCTIOU.l li l T  CotiUCTS CLOSE. 

SATUIATIII 
TIAIIIFOIMEI 

lED DOT 

DIIECTIOIAL UIIT 
(LOWII U.IT) 

CI.USIS OPUlTO 
IMDITIII SWITCI 

10 IIAIILE. 
TUT DITCI 

- - -

Fig. 3.  I nternal Schematic o f  the Type K R V  Relay in the 
Type FT3 7 Case. 

I n sta n t an eo u s  O v ercu rrent  U n i t T ra n s fo rm er 

This transformer is o f  the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduce 
C. T.  burden. The primary winding is  tapped and these 
taps are brought out  to a tap block for eas e in chang
ing the pick-up of the instantaneous overcurrent unit. 
The use of  a tapped transformer provides approximate
ly the same energy level at a given multip le of pick
up current for any tap setting, resulting in one time 
curve throughout the rang e of  the relay. 

Acro ss the secondary is connected a non-linear 
resistor known as a varistor. The effect of the varis
tor is to reduce  the voltage peak s applied to the 
overcurrent unit and phase shifting capacitor. 

A u x i l i a ry S w i t c h  ( C S - 1 )  

The auxiliary switch is  a small sol enoid type 
d .c .  switch. A cylindrical plunger, with a silver disc 
mounted on its lower end, moves  in the core of  the 
solenoid. As the plung er travels upward, the disc 
bridges the silver stationary contacts.  A tapped re
sistor i s  used to enable one to use the contactor 
switch on a 24, 48 ,  1 2 5  or 250 volt d. c .  system con
nected per Fig. 6. The operation of  the CS- 1 switch 
is controlled by the directional contact (D) and the I 
contact. It 's function is  to in sure coordination be
tween the directional contact (D)  and the I contact 
to prevent tripping on reversed faults ( where the 
directional contact was closed on load). 

I n d i ca t i n g  Co n t a c to r S w i tc h  ( I C S) 

The d-e indicating contactor switch is  a small 
clapper type device.  A magnetic armature , to which 
leaf-spring mounted contacts are attached, i s  at
tracted to the magnetic core upon en ergization of the 
switch . When the switch closes ,  the moving con
tacts bri dge two stationary contacts, completing the 
trip circuit. Also during this operation two fingers on 
the armature deflect a spring located on the front of  
the switch ,  which allows the  op eration indi cator 
target to drop . 

The front spring, in addition to holding the tar
get, provid es restraint for the armature and thus con
trols the pick-up value of  the switch. 

C H A R A C T E R I S T I C S  

The relays are available in the following cu rrent 
rang es :  

Instantaneou s Overcurrent Unit (I) 

Range Taps 

0 . 5-2 Amps 0 . 5  0 .75  1 . 0  1 . 2 5  1 . 5  2 
1-4 1 . 0  1 . 5 2 .0  2 .5  3. 0 4 . 0  
2-8 2 3 4 5 6 8 
4- 16  4 6 8 9 1 2  16  

1 0-40 10 1 5  20 24 30  40  
20-8 0  2 0  30 40 48 60 80 

The tap valu e is the minimum current required 
to just clos e the relay contact s.  

The time vs. current characteristics for the in
stantaneou s overcurrent unit is shown in Fig. 4 .  

The tim e  v s .  current characteri stics for the di
rectional unit i s  shown in Fig. 5 .  

T r i p  C i rcu i t  

The relay contacts will safely close 30 amp eres 
at 250 volts d.c. and the seal-in contact s of the in
dicating contactor switch will safely carry this cur
rent long enough to trip a circuit b r eaker .  

T r i p  C i r cu i t  Co n s t a n t s  

The indicating contactor switch has a pickup o f  
approximately 1 ampere. Its d-e resistance i s  0 . 1  
ohms. 

A u x i l i a ry S w i tch  ( C S- 1 )  

The auxiliary switch has a d-e resistance of 
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TY P E  K RV R ELAY 
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T Y PICAL T I M E  C U R V E S  

C Y L I N D E R  

I N STA NTA N E O U S  OVE R C U R RENT U N I T  

� r---

6 8 1 0  1 2  1 4  I S  

M U LT I P L E S  O F  TA P VA L U E  C U R RENT 184A946 

Fig. 4. Typ i cal Time Curve of the Instantaneous O vercurrent Uni t. 

1 1 65 ohms.  Its op erating tim e  is approximately 1 / 2  
cycle. 

C y l i n d e r  U n i t  C o n t a c t s  

The moving contact assembly has  been factory 
adjusted for low contact bounce  performanc e  and 
should not be changed. 

The set screw in each stationary contact has 
b een shop adjusted for optimum follow and this ad
ju stment should not b e  disturbed. 

D i r e c ti o n a l  U n i t  

T h e  KRV relay i s  intended for phase fault pro
tection and the directional unit has its maximum 
torque wh en the current leads the voltage by approx
imately 30°. The directional unit minimum pickup at 
its maximum torque angle i s  shown in Table 1 .  

4 

TABLE 1 .  

RELAY RANGE DI R. UNIT PICKUP 

0.5 to 2 Amps.  1 . 2  Volt s and 2 Amps. 

1-4 1 .  2 Volts and 2 Amps.  
2-8 1. 2 Volts and 2 Amp s.  
4- 16  1 .  2 Volts and 4 Amps. 

1 0-40 1 . 2  Volts and 8 Amps.  
20-80 1 . 2  Volts and 8 Amps. 

The directional unit should be  connected u sing 
the current in one-phase wire and the potential across 
the other two phas e wires. Thi s connection is com
monly referred to as the goo connection. When utiliz
ing the goo connection the maximum torque of the re
lay occurs when the fault current lags its 1 00% P . F .  

position by  approximately 60°. See Fig . 7 .  
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TY P E  K RV R ELAY 
I . L . 4 1 - 1 37.20 

E N E R G Y  R E Q U l  R E M  E N  T S 

B U RDEN DATA O F  OP ERATI NG CU R R ENT C I RCU I T - 60 CY CL ES 

AMP E R E  R ANG E TAP VA AT TA P VAL U E  t t P . F .  ANG L E  c/J VA AT 5 AMPS . t t  

. 5  0 .40 3 6 . 8°  26 . 10 
. 7 5  0. 45 35 . 3  1 6 . 70 

1 .0 0 . 53  34. 1 1 2. 10  
. 5-2 1 . 25 0 . 62 33 . 1 9 . 43 

1 . 5  0 . 73 32 . 3 7 . 94 
2 . 0  0 . 96 32. 1 6. 06 

1 . 0  0 . 53 3 1 . 1 ° 1 2 . 50 
1 . 5 0 . 7 2  29 . 1 7 . 99 
2 .0  0 . 96 28 . 7  6 .09 

1-4 2 . 5  1 .  25 28 .7  5 . 04 

3 . 0  1 . 63 29 . 6  4 . 57 
4 . 0 2 . 5 5  30 . 1 3 . 99 

2 1. 55  38 .3°  9 . 54 
3 2 . 26 35 . 5  6 . 25 

2-8 
4 3 . 20 33 . 2 4 .98  
5 4 .39  3 2 . 8  4 . 40 
6 5 .78  32 . 4  4 .05  
8 9 . 3 1  3 1 . 8  3 . 62 

4 2 .05 42 . 8 °  3 . 24 
6 2 . 94 3 8 . 5  2. 03 
8 4. 09 35 . 7 1 .  59 

4- 1 6  
9 4. 77 34. 8 1 .  46 

1 2  7 . 30 33 . 3  1 .  24 
1 6  1 1 . 5  32 . 0  1 . 1 1  

10  2 .5  29°  . 63 
1 5  4 . 2  2 5  . 47 
20 6 . 3  22  . 40 

1 0-40 
24 8 . 2  2 1  . 3 5  
3 0  1 1  1 9  . 31 
40 18 1 9  . 28  

20 1 0  3 2 °  . 60 
30 17 28 . 45 
40 25 24 . 38 

20-80 
48 32 23 . 34 
60 45 2 2  . 30 
80 70 2 1  . 27 

c/J D egrees current lag s voltage 

tt Voltages taken with Rectox typ e voltmeter 

P . F . AN GLE c/J 

42.3° 
36 . 9  
3 3 . 9  
3 3 .  1 
3 1 . 6  
3 1 . 1 

3 1 . 2° 
28 . 2  
27 .8  
28 . 1 
28 . 9  
30 . 0  

37 . 6° 
34 . 8  
33 . 1 
3 2 . 7  
32. 1 
32 . 4 

42. 0° 
38 . 0  
35 . 7 
35 . 5 
34 . 3 
34. 2 

29° 
25 
2 2  
2 1  
1 9  
19  

32°  
28  
H 
23 
22  
21  
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TY P E K RV R ELAY ____________________________________________________________ _ 

RATI NGS O F  D I R ECTI ONA L  AN D OV ERCURRENT U N I TS 

O V E RCU R R E N T  U N I T Dl R E C T I ONAL UNI T 

CON T I N UOUS ON E SECOND CO N T I N UOUS ONE SECOND 

RAN G E  RAT I NG RAT I N G  RAT I N G  RAT I N G  

0 . 5-2 Amps 5 1 00 8 200 
1-4 8 140  8 200 
2-8 8 1 40 8 200 
4-1 6  1 0  200 10 230 

1 0-40 10  200 10 280 
20-80 10 200 10 280 

t Thermal capacities for short times other than one s econd may be calculated on the basi s of  time being 
inversely proportional to the square of the cu rrent. 

DI R ECTI ONAL UNI T POLARI ZING CI RCU I T  B U RDEN 

The burden at 1 20V, 60  cycles ,  i s  1 2 . 5  volt-amperes at 1 5  degrees. ( current leadi ng voltage) .  

S E T T I N G S  

I n s t a n t a n eo u s  O v e r c u r r e n t  U n i t  (I ) 

The only setting required i s  the pickup current 
setting which is made  by m ean s of the connecto r 
screw located on the tap plat e. By placing the con
nector screw in the desi red tap, the relay will just 
close its contacts at the tap value current. 

C A U T  10 N Sinc e the tap block connector screw car
ri es operating current ,  be sure that the screw is 
turn ed ti ght.  

In  order to  avoid opening the current transformer 
circuits when changing taps under load,  connect the 
spare tap screw in the desired tap position before re
Ploving the other tap screw from the original tap pos
ition. 

D i re c t i o n a l U n i t  ( D )  

N o  s etting i s  required. 

I n d i c a t i n g  C o n t o c ta r  S w i t c h  U n i t  ( I C S )  

No setting i s  required. 

A u x i l i a ry S w i tc h  ( C S- 1 )  

N o  setting required o n  the CS-1 unit except for 
the selection of the required 24, 48 ,  1 25 or  250 volt
age on the tapped resistor.  This conn ection can be 
made by referring to Fig. 6 .  

6 

I N S T A L L A T I O N  

The relays should be  mounted on switchboard 
panels or their equival ent in a location free from dirt, 
moisture ,  e xcessive vibration and heat. Mount the 
relay vertically by mean s of  the two mounting studs 
for proj ection mounting or by means of  the four  mount
ing holes on the flange for the semi-flush mounting. 
Eith er of the studs or  the mounting screws may b e  
uti lized for grounding t h e  rel ay. T h e  electrical con
nections may be mad e directly to the terminal s  by 
m eans of screws for steel panel mounting or to ter
minal studs furnished with the relay fo r thick panel 
mounting. The terminal studs may be easily removed 
or  inserted by locking two nuts on the studs and then 
turning the proper  nut with a wrench.  

For detai l ed information on  the PT Case, refer to 

I . L .  4 1-0 76. 

The external connections of  the directional 
ov ercurrent relays are shown in Fig. 7 .  

A D J U S T M E N T S A N D  M A I N T E N A N C E  

The proper adjustments to insure co rrect opera
tion of this relay have been made  at the factory. Upon 
rec eipt of the relay, no customer adj ustm ent s ,  other 
than those  covered under "SETTINGS" , should be 
required. 
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TY P E  K RV R ELAY __________________________________________________________ ,_. L_. _4_l·_l 3_7. __ 
2D 

1 0 0  
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z 
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0 
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S C A L E  2 - 0 

S C A L E  3 - 0 

.� � 

1 0  

2 0  

4 0  

I 
20 

40 

80 

T Y P I C A L  T I M E  C U R V ES 

D I R EC T I ONAL U N I T  

F O R  C U R R E NT A P P L I E D  I N  

PHASE W I T H  VO LTAG E 

� 5 v. 

;/
2 5  V. 

- 1 1 0  v. 
3 0  4 0  5 0  60 

6 0  8 0  100 1 20 

1 2 0  1 6 0  20 0 
AMP E R E S  

SCA L E  1 FOR 0.5 - 2.0 A M P S A N D  2 - 8 A M P S  R E L A Y 

S C A L E  2 F O R  4 - 1 6  A M P S  R E L AY 

SCA L E 3 F O R  1 0 - 4 0 AM P S  A N D  2 0  ·- 80 A M P S R E L A Y  
187Al83 

Fig. 5. Typical Time Curves of the Directional Unit. 

A c c eptan c e  C h e c k  

The following check i s  recommended to insure 
that the relay is in proper working order; 

Instantan eou s Overcurrent Unit (I) 

1 .  Contact Gap - The gap betw een the station
ary and moving contacts with the relay in the de
energized position s hould be approximat ely . 020 " .  

2 .  Minimum Trip Current - The D contacts s hould 
be blocked closed when checking the pick-up of the 
overcurrent unit. 

The pick-up of  the overcurrent unit can be  check
ed by inserting the tap screw in the desired tap hole 
and applying rated tap value current. The contact 
should close within ±5% of tap value current. 

Directional Unit (D) 

1 .  Cont act Gap - The gap between the station
ary contact and moving contact with the relay in the 
de-energized po sition should be approximately . 020 " .  

2. Sen sitivity - The directional unit should 
pick up at its m aximum torque angle ( current l eading 
the voltage by 30°) when energized with th e value  of 
current and voltage shown in Table 1 .  

3 .  Spurious Torque Adjustm ents - There should 
be no spurious closing torques  when the operating 
circuits are energized p er Table 2 with the polarizing 
circuit short circuited. 

I n d i c a t i n g  C o n t a ctor  S w i t c h  ( I C S )  

Close the  main relay contacts and pass suffi
cient d-e current through the trip circuit to clos e  the 
contacts of  the ICS. This value of  current s hould b e  
between 1 and 1 . 2  amp eres.  The indi cator target 
should drop freely . 

The contact gap s hould be approximately 5/64" 
betw een the bridging moving contact and the adjust
abl e  stationary contacts .  The bridging moving con
tact should touch both stationar-y contacts simultan
eously. The third moving contact should make at 
approximately the same time.  
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TY P E K RV R E LAY __________________________________________________________ ___ 

I POS IT ION RATED  0 - C  R E SISTOR 
L E AD �J VOLTAGE R E SISTANCE 

I 1 4  0 ------ - ----
1 4 8  300 
3 1 2 5  270�--f----- 4 2 5 0  6500 

NOTE R E L AYS ARE S H I P P E D  O N  THE 125 VOLT TAP 

L E A D (D 

Fig. 6. Selection of Proper Voltage Tap for A ux i liary 
Switch ( CS- J )  Operation. 

R O U T I N E  M A I N T E N A N C E  

All relays should be inspected periodically and 
the op eration should be checked at least once every 
year or at such other tim e intervals as may be dic
tat ed by exp erience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher Sitl82A836H01 is recomm ended fo r 
this purp o s e .  T h e  u s e  of  abrasive material for clean
ing contacts is not recommen ded, because of the 
danger of emb edding s mall particles in the face of 
the soft silver and thu s impairing the contact . 

C a I i b ra t  i o n  

U se the  fol lowing proc edure for calibrating the 
relay if the relay has been tak en apart for repairs or 
the adjustments have be en di sturbed. This procedure 
should not be used unless  it is apparent that the 
relay is  not in proper working order. (See " Accept
anc e  Check") .  

I n s t a n t a n e o u s  O v e r c u r r e n t  U n i t  (l) 
1. Th e upper pin bearing should be  screwed 

down until there i s  approximat ely .025" clearance 
betw een it and the top of  shaft bearing. The upper 
pin bearing should then be securely locked in posi
tion with the lock nut. Th e lower bearing po sition is  
fixed and cannot b e  adjusted. 

8 

2. The contact gap adjustment for tlie over
current unit i s  made with the moving contact in the 
reset position, i . e . , against the right side of the 
bridge. 

Move in the left-hand stationary contact until 
it just touches the moving contact then back o ff the 
stationary contact 2/3 of  one turn for a gap of ap
proximately .020 " .  The clamp holding th e stationary 
contact housing need not be loos ened for th e adjust
ment since the clamp utilizes a spring-type action in  
holding the  stationary contact in position. 

3. The sensitivity adjustment is  m ade by vary

ing the tension of the spiral spring attached to the 
moving element assembly. The spring is adjusted by 
placing a screwdriver of similar tool into one of the 
notches located on the periphery of the spring ad
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is  held in place 
by a spring type clamp that does not have to be 
loosened prior to m aking the necessary adjustments.  
Before applying current block close the contacts o f  
the D unit. 

Insert the tap screw in  the minimum setting and 
adjust the spring such that the contacts will clo s e  
a s  indi cated b y  a n eon lamp in  the contact circuit 
when energized with the required current. The pickup 
of the overcurrent unit with the tap screw any o ther 
tap should be within ±5% of the tap value. 

If adj ustment of pick-up current in betw een tap 
settings is desired insert the tap screw in the next 
lowest tap setting and adj ust the sp ring as des cri b e d .  

It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

Directional Unit (D) 

The directional unit is  the lower cylinder unit. 

1 .  The upper bearing screw should be screwed 
dow n unti l there i s  approximately .025" clearance 

b etween it  and the top of the shaft bearing. The upp er 
pin bearing should then be securely lock ed in posi
tion with the lock nut. 

2. Contact gap adjustment for the directional 
unit is made  with the moving contact in the reset 

position , i . e. , against the right side of the bridge. 

Move in the left-hand stationary contact until 
it  just touches the moving contact. Then back off the 
stationary contact 2/3 of  one turn for a co ntact gap 
of 0 . 20 " .  The clamp holding the stationary contact 
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TY P E  KRV R ELAY 

" "' ... 

I 2 3 
LINE 

67 9+ 
67 9+ 

PR I  
I/ST 

liST D 

67 7 

67 e PH. 
I 

67 e 

TRANSFORMER BANK 
NEUTRAL 

VECTORS AT 100� P. F. POWER 
IW TRIPPIWG DI RECTIOtl 

J . L .  4 1 - 1 37.20 

PHASE 
POS. ���-D::,;·.:,C.�T.:.,:R.:.;I;_P ..,:B;.::U:;:S-���---1G�R:;:O.:,UN:;:D:,_ ____ _ 

M "N 10 

67N 67N 
��----�-+--�--�----� ,-

2' 
L _ _  _ 

USE 52 a CONTACT WHEN TRIP COIL 
SUPERV I S I ON L I GHT I S  USED. 

DEYICE WUMBER CHUT 

67 - ,ASE D I RcCTIOtiAL OVUCURREWT R£LAY , TYPE KRV 

6711 - GIOUWD DI RECTI OIIAL OVERCURREWT RELAY , TYPE KRD 

( BOTH 67 AND 67NI 
I ,  lo - I NSTAWTANEOUS o/c UW I T  

0, Do - DI RECTIOIIAL UN I T  

!CS AUXI L I ARY SWI TCHES 
CSI } 

Do iiH 

I/ST - SATURATI NG TRANSFORMER FOR INST. 0/C UII I T  

52 - PO'tiER C I RCUIT BREUER 

- BREUER AUX I L I ARY COMTACT 

TC - BREUER TRI P  CO I L  

290:8768 

Fig. 7.  External Schematic of the KRV Relay for Phase P rotection and the KRD Relay for Ground Protection. 

housing need not be loosened for the adjustment 
sinc e the clamp utilizes a spring-typ e action in 
holding th e stationary contact in position .  

3 .  Insert tap screw of overcurrent unit in  highest 
t ap .  The s e n sitivity adj u stm ent i s  m a d e  by varyi n g  

the t e n s i o n  o f  the spiral sp ring attached to t h e  mov
ing elem ent assembly . The spring is  adju sted by pl ac
ing a screwdriver or similar tool into one of the 
notches located on the periphery of the sp ring adj ust
er and rotating it. The spring adjuster is located on 
the underside of th e bridg e and is h eld in plac e by a 
spring type clamp that do es not have to be  loos ened 
prior to making the necessary adjustments . 

The sp ring i s  to be adjusted such that the con
tact will close when the unit is energized .at its 
maximum torque angl e ( current l eading the voltage by 
30°) with the value of current and voltage shown in 
Table 1 .  

4 .  The magn etic plugs and cor e are used to 
rev erse any unwanted spurious torques that may be 
present when the relay is energized on current alone. 

The reversing of the spurious torques  is accom
p l i s h e d  b y  u si ng the a dj u sti n g  plugs and core in the 

foll o wing mann e r :  

a.  App ly 120 volts ac to terminal s 6 and 7 ;  
relay should remain open. If contacts are 
closed, adju st the core until contacts  stay 
open. 

b. Ins ert tap screw in the highest valu e of 
the cyli nder ov ercurrent unit . 

c .  Short circuit 
(6 and 7). 

the voltage terminals 

d. Apply current as per Table II , adjusting 
only t he plugs for spurious torque .  
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TY P E  KRV R ELAY--------------------------------------------------------------

A u x i l i a ry S w i t ch' ( C S- 1 )  

Adjust the stationary core of  the switch fo r a 
cl earance between the stationary core and the mov
ing core when the switch is  picked up. Thi s can be 
done by turning the relay upside-down. Th en screw 
up the core screw until the moving core starts rotat
ing. Now back o ff the core screw until the moving 
core stop s rotating. Thi s indi cates the points wh en 
the play in the assembly is tak en up , and where the 
moving core j u st separates from the stationary core 
screw. Back off the core screw ap pro xi mately one 
turn and lock in plac e. This prevents the moving 
core from striking and sticking to the statio nary core 
because  of residual magnetism.  Adj ust the contact 
cl earanc e for 3/64" by m ean s of the two small nuts 
on either side of the Micarta disc. 

Connect lead ( A) to proper terminal per Fig. 6. 
Block directional unit ( D) and I contacts close  and 
e nergize trip circuit with rated voltage.  Contacts of 

1 0  

auxiliary switch (CS- 1 )  should make as indicated by 
a neon lamp in the contact circuit. 
I n d i c a t i n g  C o n t a c to r S w i t th ( I C S) 

Adjust the contact gap for approximate ly  5/64 " 
(- 1/ 64 " .  +0 ). 

Close the main relay contacts and check to see 
that the relay picks up and the target drops between 
1 and 1 . 2  amp eres d-e .  

B ri d g e  R e c t i f i e r a n d  B l o ck i n g  D i o d e  

These diodes are silicon diode::; type I N  1 2 25 .  
If  it is suspected that one or more are defective they 
can be ch ecked for reverse l eadage by applying 80% 
or less of rated diode voltage ( 7 0 0  VDC).  The leak
age cur rent should be less than 0 . 5  MA. Voltage 
shoul d be increased gradually. 

If any of  the diodes are open circuited,  then either 
the CSl switch or the I unit will become inoperative. 
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TY P E K RV R ELAY�---------------------------------------------------------I . L_._4_1 ·_1_37_. 2_D 

TA BLE I I  

RE LAY CURRENT * ADJUST ADJ USTM ENT t 

1 5  - 2 Magnetic If spuriou s torque is  in contact 

1 - 4 50 amps Plug s clo sing dir. ( left front) view , 

2 - 8 
screw our r .  mag. plug until dir . 

of spu rious torqu e i s  reversed. 

4 - 1 6 1 00 
If spurious torque is in cant act 

opening dir. , screw out left 

plug until torqu e  is  reversed.  

Then screw in for slight opening 
1 0  - 40 

1 5 0  6 t orque. 

20 - 80 

Plugs should be fully in prior to core adjustment .  

t Slight re-adjustme nt may be nec essary of core or plugs , if c ontact clo ses at these check poi nts .  

6 1 5 0  Amps. may be obtained by using a 1 0/5 C T  as shown below. 

connect 

CH ECK 
POI N TS 

80,  

50 

and 

20 

Amp s .  

1 20 , 
7 5  
and 
30 

Amp s. 

0J r 

. 

P R I  

____JT
D 

Di r .  U n i t  operat ing 
c i rcu i t  on ly  . 

1 20 OR 
220 VAC 

60 H z  � A  -
r-------------_j 5/1 0 CT 

NOTE:  C . T .  i s  connected w ith D i r .  Un it  
i n  primary wi n d i n g  for Step-up. 
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TY P E K RV R ELAY __________________________________________________________ _ 

5P4 C E R5 Fo e 
THil-l PAN�\..<:, 

c: �-I S '�C.REW (FOR \\-I ICK 
PA.�E: ._  USE �-16 �TUD) 
1 90 · 3 2  SCREW /FOR TH I C I<  PAN!cl USE  .190·32 STLJD 

. 't::--- -=-ts � 

--t-----t-t----H . - - �)l&, 
- � .... - - - - --:):r . - - - - - - - -

__ .-- - - -
.:U ;J r,IA_ . I O 1-V.)i..� S  (c.4 OIA - i OR CU\ 0 \JT 

TE'RM I NAL AN D MOUNT I N3 DE,AI L'O 

;k DI A . -4 1-\0L£ ,; n:'>R 
. 1 90-:32. MIG. -::,u<�.- WS. 

PANEL C.UTDUT t DRILL I WQ
FOR S Et-.-11 - l" LU <:.H Ml� .  

PA.Nt:: .._ DI-< I LL \ \·�G- OR C..\JTOI.J\ FOR 
PRO.:H.CT I CN MTGr. 

( F P,ONT VIEW) 

3 - SR. 

57-D-7902 

Fig. 8.  Outline and Drilling P lan for the Type KRV Relay in the Type FT3 1 Case. 

W E S T I N G H O U S E  E L E C T R I C  
R E LAY- I N STR U M E NT D IVI S I O N  

C O R P O R A T I O N  
N EWAR K, N .  J.  
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INSTALLATION • 

Westinghouse I . L. 4 1 - 1 37. 2 B  

OPERATION • MAINTENANCE 

INS T RUCTION S 
TY P E  K RV D I R ECT I O N AL O V E R CU R R EN T  R E LAY 

FOR PHASE PROTECTION 

C A U T I O N  B efore  putting rel ays into servic e,  remov e 
all blocking which  may have been inserted for the 
purpose of  s ecuring the parts during shipment , mak e  
sure that all moving parts operate freely, inspect the 
contacts to see that they are c l ean and close prop er
ly, and operate the  relay to ch eck t he settings and 
electrical connections . 

A P P L I C A T I O N  

These relays are high speed phase directional 
overcurrent relays which are used for the protection 
of transmission lines and feeder circuits.  

CO N S T R U C T I O N  A N D  O P E R A T I O N  

The Type KRV relay consists o f  a directional 
unit  (D ) ,  an auxiliary switch ( CS- 1 ) ,  an instantaneous 
unit ( I ) ,  an instantaneous overcurrent unit transformer, 
and an indicating contactor switch (ICS). The prin
ciple component parts of the relay and their location 
are shown in Figs. 1 and 2 .  

D i re c t i o n a l  U n i t  ( D) 

The directional unit is a product indu ction cylin
der type unit operating on the interaction between the 
polarizing circuit flux and the op erating circuit flux .  

Mechanically,  the directional unit is composed of  
four basic components:  A die-cast aluminum frame,  
an electromagnet, a moving elem ent assembly, and a 
molded bri dge. 

The fram e serves as the mounting structure for 
the magn etic core. The magn etic core which houses 
the lower pin bearing is s ecured to the frame by a 
spring and snap ring. Thi s is an adjustable core 
which has· a . 025  inch flat on on e side and is  h eld in 
its adju sted position by the clamping action of  two 
compressed springs. The bearing can be replaced, if  
neces sary , without having to remove the magnetic 
core from the frame. 

SUPERSEDES I . L. 4 1 - l 37. 2A 
* Denotes change from superseded i ssueo 

The slectromagnet has two series-connected 
polarizing coils mounted diametrically oppo site one 
another,  two series-connected op erating coils m ounted 
diametrical ly opposite one another; two m agnetic ad
ju sting plu gs ; upper and lower adju sting plug clips, 
and two locating pins. The locating pins are used to 
accurately position the lower pin bearing, which i s  
mounted o n  the fram e,  with respect to the upper pin 
bearing, which is threaded into the bridge. The elec
tromagn et is secured to the frame by four mounting 
screw s.  

The moving element ass embly consists o f  a 
spiral spring, contact carrying m ember, and an alumi
num cylinder assembled to a molded hub which holds 
the shaft. The shaft has removable top and bottom 
j ewel bearings. The shaft rides betw een the bottom 
pin bearing and the upper pin bearing with the cylin
der rotating in an air gap formed by the electromagnet 
and the magnetic core. 

The bridg e is  s ecured to the el ectromagnet and 
frame by two mounting screws.  In addition to holding 
the upper pin bearing, the bridge is u sed for mounting 
the adjustable stationary contact hou sing. The sta
tionary contact housing is h eld in po sition by a spring 
type c lamp. The spring adjuster is located on the 
underside of the bridg e and is  attached to the moving 
co ntact arm by a spiral spring. The spring adjuster 
is also h eld in place by a spring typ e clamp. 

With the cont acts closed, the electrical connec
tion is m ad e  through the stationary contact hou sing 
clamp, to the moving contact, through the spiral 
spring out to the spring adjuster clamp. 

I n s t a n t a n eo u s  O v e r c u rr e n t  U n i t  (I) 

The instantaneous overcurrent unit is similar in 
construction to the directional unit. The tim e  phase 
relationship of  the two air gap fluxes necessary for 
the development of torque is achieved by m eans of a 
capacitor connected in series with one pair of pole 
windings. 
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---RIDGE RECTIFIER 

1 UNIT TAP BLOCK 

D UNIT 

CS- 1 UNIT 

ICS UNIT 

Fig. 1 .  Type K R V  Re lay Without Case (Front View) 

) 

UNIT RESISTOR 

Fig. 2. Type KRV Relay Without Case ( Rear View) 
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TYPE K RV R ELAY _____________________________ ._I.L_._4_1-_1_37_. 2_B 

.IDICATIII 
COIITACTII .,Tal 

.. I .. ' 
, .. ... 
Wtlll HUTifE IIITAITUEM 
NUIITT U liM, liE 
lltfCTIIIII. •n COITACT1 CLOSE. 

SATUIATIII nuuo•• 

lEI DOT 

Dli£CTIOIIL RIT ,, .... ... , 
CIAISIS OPWTO 11011111 IIITCII 
ID IA-.l 

Tilt anca 
- - 
TDIIUI. 

Fig. 3. Internal Schematic of the Type K R V  Relay in the 
Type FT3 1 Case. 

I n sta n t an eo u s  O v e r c u rrent  U n i t  T ra n s fo rm er 

This transformer is of the saturating type for 
limiting the energy to the instantaneous overcurrent 
unit at higher values of fault current and to reduce 
C.T.  burden. The primary winding is tapped and these 
taps are brought out to a tap block fo r eas e in chang
ing the pick-up of the instantaneous ove rcurrent unit. 
The use of a tapped transformer provides approximate
ly the same en ergy level at a given multiple of pick
up current for any tap setting, resulting in one time 
curve throughout the rang e of the relay. 

Across the secondary is connected a non-lin ear 
resistor known as a varistor. The effect of the varis
tor is to reduce the voltage peak s  applied to the 
overcurrent unit and phase shifting capacitor. 

A u x i l i a ry S w i tc h  ( C S - 1 )  

The auxiliary switch i s  a small solenoid type 
d.c. switch. A cylindrical plunger, with a silver disc 
mounted on its lower end, moves in the core of the 
solenoid. As the plunger travels upward, the disc 
bridges the silver stationary contacts. A tapped re
sistor is  used to enable one to use the contactor 
switch on a 24, 48 ,  1 25  or 250 volt d.c.  system con
nected per Fig. 6. The op eration of the CS-1 switch 
is controlled by the directional contact (D) and the I 
contact. It' s function is to insure coordination be
tween the directional contact (D) and the I contact 
to prevent tripping on reversed faults ( where th e 
directional contact was closed on load). 

I n d i ca t i n g  C o n ta c to r S w i tc h  ( I C S )  

The d-e indicating contactor switch is a small 
clapper type device. A magnetic armature, to which 
leaf-spring mounted contacts are attached, is at
tracted to the magnetic core upon en ergization of the 
switch . When the switch closes, the moving con
tacts bridge two stationary contacts, completing the 
trip circuit. Also during this operation two fingers on 
the armature deflect a spring located on the front of 
the switch, which allows the op eration indicator 
target to drop. 

The front spring, in addition to holding the tar
get, provides restraint for the armature and thu s con
trols the pick-up value of th e switch. 

C H A R A C T E R I S T I C S  

The relays are available in the following current 
rang es: 

Instantaneous Overcurrent Unit (I)  

Range Taps 

0 . 5-2 Amps 0 . 5  0 .75  1 .0  1 . 2 5  1 . 5  2 
1-4 1 . 0  1 . 5  2 .0  2 .5  3 . 0  4 .0  
2-8 2 3 4 5 6 8 
4- 16  4 6 8 9 1 2  16 

10-40 10 1 5  20 24 30 40 
* 20-8 0  20 30 40 48 60 80 

The tap value is the minimum current required 
to ju st close the relay contacts. 

The time vs. current characteristics for the in
stantan eou s  overcurrent unit is shown in Fig. 4 .  

The time vs . current characteri sti cs for the di
rectio nal unit is shown in Fig. 5 .  

T ri p  C i rc u i t  

Th e relay contacts will safely close 3 0  amp eres 
at 250 volts d .c. and the seal-in contacts of the in
dicating contactor switch will safely carry this cur
rent long enough to trip a circuit breaker. 

T r i p  C i rc u i t  Co n s t a n t s  

The indicating contactor switch has a pickup o f  
approximately 1 ampere. I t s  d-e resistance i s  0 . 1 
ohms. 

A u xi l i a ry S w i t c h  ( C S- 1 )  

The auxiliary switch has a d-e resistance of 
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TY P E  K RV R ELAY 

\ T Y P I C A L  T I M E  C U R V E S  

C Y L I N D E R  

I N STA NTANEOUS OVE R C U R RENT U N I T  

1\ 
� r--..... 

� r---_ 

50 

(/) 4 0  
c 
z 
0 
(.) ILl 30 (/) 
...J 
...J 
:::E 
z 20 
ILl 
:::E 
1- 1 0  

0 
0 2 4 6 8 1 0  1 2  1 4  1 6  

M U LT I P L E S  O F  TAP VA L U E  C U RRENT 
184A946 

Fig. 4. Typi cal Time Curve of the I ns tantaneous Overcurrent Unit. 

1 1 65 ohms .  Its operating  tim e  is  approxim ately 1 / 2  
cycle. 

Cyl i n d e r  U n i t C o n t a c t s 

The moving contact assembly has been factory 
adjusted for low contact bounce p erformance and 
should not be changed. 

The set screw in each stationary contact has 
been shop adjusted for optimum follow and this ad
justment should not b e  disturbed . 

D i re cti o n a l  U n i t  

T h e  KRV relay i s  intended for phase fault pro
tection and the directional unit has its maximum 
torque when the current l eads the voltage by approx
imately 30°. The directional unit minimum pickup at 
its m aximum torque angle i s  shown in Table 1 .  

4 

TABLE 1.  

RELAY RANGE DI R. UNIT PICKUP 

0.5 to 2 Amps. 1 .  2 Volts and 2 Amps. 

1-4 1 .  2 Volts and 2 Amps.  
2-8 1. 2 Volts and 2 Amp s. 
4- 16 1 .  2 Volts and 4 Amps. 

1 0-40 1 . 2  Volts and 8 Amps. 
20-80 1 . 2  Volts and 8 Amps. 

The directional unit should be  connected using 
the current in one-phase wire and the potential across  
the other two phase wires.  This connection is  com
monly referred to as the goo connection. Wh en utiliz
ing the goo connection the maximum torque of the re
lay occurs wh en the fault current lags its 100% P .F .  
position by  approximately 60°. See Fig . 7 .  
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TY P E  K RV R ELAY I.L. 41· 137.2& 

E N E R G Y  R E Q U I R E M E N T S 

BU RDEN DATA O F  OP E RATI NG CURRENT C I RCUI T - 60 CYCL ES 

AMP E R E  RANG E TAP VA AT TA P VAL U E t t  P . F . ANG LE ¢ VA AT 5 AMPS. t t  P . F . ANGLE ¢ 

. 5  0 .40 3 6. 8°  26. 10 42 .3°  

. 7 5  0 .45 35 . 3  1 6 . 70 36 .9  

1 .0 0 . 53  34. 1 12 . 10 33 . 9  
. 5-2 1 . 2 5  0 . 62 33 . 1 9 .43  33 . 1 

1 . 5  0 .73  32 . 3 7 .94  3 1 . 6  
2 .0  0. 96 32. 1 6 .06 3 1 . 1 

1 . 0  0. 53 3 1 . 1 ° 1 2. 50 3 1 . 2° 
1 . 5  0 .  7 2  29. 1 7 . 99 28 . 2 
2 .0  0 .96 28 .7  6 .09 27 . 8  

1-4 2 . 5  1 .  25 28 . 7  5 .04 28. 1 
3 .0  1 . 63 29 .6  4 . 57 28 . 9  
4 .0  2 . 5 5  30. 1 3 . 99 30. 0 

2 1 .  55  38 .3°  9 . 54 37 . 6° 
3 2 . 26 35 . 5 6. 25 34 .8  

2-8  
4 3 . 20 3 3 . 2 4 .98  33. 1 
5 4 .39 3 2. 8  4 . 40 3 2 . 7  
6 5 . 78 3 2 . 4  4 .05 32 . 1 
8 9. 3 1  3 1 . 8  3 . 62 3 2 . 4  

4 2 .05 42. 8°  3 . 24 42 .0° 
6 2 . 94 3 8 . 5  2. 03 3 8 . 0  

4- 1 6  
8 4. 09 3 5 . 7  1 . 59 35 . 7 
9 4. 77  34. 8 1. 46 35 . 5 

1 2  7 . 30 33 . 3  1 .  24 34 . 3 
1 6  1 1 . 5  3 2 . 0  1 . 1 1  34 . 2 

10  2 .5  29° . 63 29° 

1 5  4. 2 2 5  . 47 25 

10-40 
20 6 .3 22 .40 22 
24 8 . 2  2 1  . 3 5- 2 1  
3 0  1 1  1 9  . 3 1  1 9  
40 18 1 9  . 28 19 

20 10 32°  . 60 32° 
30 17 28 . 45 28 
40 25 24 . 38 �4  

20-80 
48 32 23 . 34 23 
60 45 22  .30 22  
80 70 2 1  . 2 7  2 1  

¢ D egrees current lag s voltage 

tt Voltages taken with Rectox type vo ltmeter 
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TY P E K RV R ELAY ____________________________________________________________ _ 

RATI NGS O F  DI R ECTI ONA L  AN D OV ERCURRENT U N I TS 

OV E RCU R R E N T  U N I T Dl R E C T I ONAL UNI T 

CON T I N UOUS ONE SECOND CON T I N UOUS ONE S E CON D 

RAN G E  RAT I NG RAT I N G  RAT I N G RAT I N G  

0. 5-2  Amps 5 100 8 200 
1-4 8 140 8 200 
2-8 8 140 8 200 
4-16 10  200 1 0  230 

10-40 10 200 10 280 
20-80 10 200 10 280 

t Thermal capaci ties for short times other than one second may be calculated on the basi s o f  tim e  being 
inversely proportional to the square of the cu rrent. 

D I R ECTI ONA L UNI T POLARI ZING CI RCU I T  B U RDEN 

The burden at 1 20V, 60 cycles ,  i s  12 .5  volt-amperes at 1 5  d egrees. ( current leadi ng voltage). 

S E T T I N G S 

I n s ta n t a n e o u s  O v e r c u r r e n t  U n i t  {I) 

The only setting required is the pickup current 
setting which is m ade by m ean s of the connector 
screw located on  the tap plate. By placing the con
nector screw in the desired tap, the relay will just 
close its contacts at the tap value current. 

C A u T  10 N Since the tap block connector screw car
ries operating current , be sure that the screw is 
turn ed tight. 

In  order to avoid opening the current transformer 
circuits when c hanging taps under load, connect the 
spare tap screw in the desired tap position before re
moving the other tap screw from the original tap pos
ition. 

D i rec t i o n a l  U n i t  { D )  

No setting i s  required. 

I n d i c a t i n g  C o n t o c to r S w i t c h  U n i t  { I C S )  

No setting i s  required. 

A u x i l i a ry S wi t c h  ( C S- 1 )  

N o  setting required o n  th e CS-1 unit except for 
the selection of  the required 24, 48 ,  1 25 or 250 volt
age on the tapped resistor. This conn ection can be 
made by referring to Fig. 6 .  

6 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their  equival ent in a location free from dirt, 
moisture,  exces sive vibration and heat. Mount the 
relay vertically by m ean s of  the two mounting studs 
for proj ection mounting or by m eans of the four  mount
ing holes on the flange for the semi-flush mounting. 
Eith er of the studs or the mounting screws may be 
utilized for grounding the relay. The electrical con
nections may be mad e  directly to the terminals  by 
m eans of screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting. The terminal studs may be easily removed 
or inserted by locking two nuts on the studs and then 
turning the proper nut with a wrench.  

-li< For detail ed i nformation on  the P T  Case,  refer to 

I . L .  4 1-076. 

The external connections of the directional 
overcurrent relays are shown in Fig. 7 .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adju stm ents to insure correct opera
tion of this relay have been mad e  at the factory. Upon 
receipt of the relay, no customer adjustm ents,  other 
than those covered under "SETTINGS",  should be 
required. 
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TY P E K RV R ELAY ------------------------------------------------------�--I_. L_._4_1-_1 3_7 __ .2B 

100 

90 

(I) 80 
0 
z 

70 0 
0 
11.1 

60 (I) 
...J 
...J 50 

:! \ 
z 4 0  

11.1 30 
:e 
1- 20 

\"'-"""-
1 0  

0 

S C A L E  1 - 0 

S C A L E 2 - 0 

S C A L E  3 - 0 

-� ....... 

1 0  

20 

4 0  

I 
2 0  

40 

80 

TYPICAL T I M E  C U R V E S  

D I R EC T I O N A L  U N I T  

F O R  C U R R E NT A P P L I E D  I N  

PHASE W I T H  VO LTAGE 

.-- 5 v. 

/
2 5  v . 

- 1 1 0  v. 
30 4 0  5 0  60 

60 80 100 1 20 

1 2 0  1 6 0  20 0 
AMP E R E S  

SCA L E  1 FOR 0.5 - 2.0 A M P S A N D  2 - 8 A M P S  R E L A Y  

SCALE 2 F O R  4 - 1 6  A M P S  R E L AY 

SCAL E 3 FOR 1 0 - 40 AM P S  A N D  2 0  -- 80 A M PS R E LAY 
187Al83 

Fig. 5. Typ ical Time Curves of the Directional Unit. 

A c c ep tan c e  C h ec k  

The following check is recommended to insure 
that th e relay is in p roper working order ; 

Instantan eous Overcurrent Unit (I) 

1. Co ntact Gap - The gap between the station
ary and moving contacts with the relay in the de
energized position should be approximately . 020 " .  

* 2 .  Minimum Trip Current - The D contacts should 
be blocked closed when checking the pick-up of the 
overcurrent unit. 

The pick-up of the overcurrent unit can be check
ed by inserting the tap screw in the desired tap hole 
and applying rated tap value current. The contact 
should close within ±5% of tap value current. 

Directional Unit (D) 

1 .  Cont act Gap - The gap betw een the station
ary contact and moving contact with the relay in the 
de-energized po sition should be approximat ely . 020 " .  

2 . . Sen sitivity - The directional unit should 
pick up at its m aximum torque angle ( current l eading 
the voltage by 30°) when energized with the value o f  
current and voltage shown i n  Table 1 .  

3 .  Spurious Torque Adjustm ents - There should 
be no spurious closing torques when the operating 
circuits are energized per Table 2 with the polarizing 
circuit short circuited. 

I n d i c a t i n g  C o n t a c to r  S w i tch ( I C S )  

Close the m ain relay contacts and pass suffi
cient d-e current through the trip circuit to close the 
contac'ts of the ICS. This value of current should be 
between 1 and 1 .  2 amperes. The indi cator target 
should drop freely. 

The contact gap should be approximately 5/64" 
between the bridging moving contact and the adj ust
able stationary contacts. The bridging moving con
tact should touch both stationar-y contacts simultan
eously. The third mo ving contact should m ak e  at 
app roximately the same time. 
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TYP E K RV R ELAY ________________________________________________________ ___ 

I POSIT ION RATED D - C  RESISTOR 
L E AD 0 VOLTAGE RES ISTANCE 

I 24  0 - --2-
4 8  300 

3 1 2 5  2700 
J----- 4 250 6500 

NOTE REL AYS ARE S H I P P E D  ON THE 125 VOLT TAP 

Fig. 6.  Selection of Proper Voltage Tap for A uxi liary 
Switch ( CS- 1 )  Operation. 

R O U T I N E  M A I N T E N A N C E  

2 .  The contact gap adjustment for tl1e over
current unit is made with the moving contact in the 
reset position, i .e . , against the right side of  th e 
bridge. 

Move in the left-hand stationary contact until 
it just touches the moving contact then back o ff the 
stationary contact 2/ 3 of  one turn for a gap of  ap
proximately .020".  The clamp holding the stationary 
contact housing need not be loosened for the adjust
ment since the clamp utilizes a spring-typ e action in 
holding the stationary contact in position. 

3 .  The s ensitivity adjustment is made by vary
ing the tension o f  the spiral spring attached to the 
moving element assembly. The spring is adjusted by 
placing a screwdriver of  similar tool into one of  the 
notches located on the periphery of the spring ad
juster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that does not have to be 
loosened prior to m aking the nec essary adjustments. 
Before applying current block close the contacts of 
the D unit. 

All relays should be inspected periodically and * Insert the tap screw in the minimum setting and 

the op eration should be checked at least once every adjust the spring such that the contacts will clos e  

year or  at such other time intervals a s  may b e  dic
tated by experience to be suitable  to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher S1tl82A836H0 1 is recommended fo r 
this purpose. The use  o f  abrasive material for clean
ing contacts is not recommended, because of the 

danger of  embedding small particles in the fac e of 

the soft silver and thu s impairing the contact . 

C al i b ra t i o n  

Use the  fol lowing procedure for calibrating the 
relay if the . relay has been taken apart for repairs or 
the adjustments have been di sturbed. This  procedure 
should not be used unless it is apparent that the 
relay is not in proper working order. (See " Accept

anc e  Check") .  

I n s ta n t a n e o u s O v e r c u r re n t  U n i t (I) 

1 .  The upper pin bearing should be screwed 
down until  there i s  approximately .025" clearance 
between it and the top of  shaft bearing. The upper 
pin bearing should then be securely l ocked in posi
tion with the lock nut. Th e lower bearing position is 
fixed and cannot be adjusted. 

8 

a s  indi cated by a n eon  l amp in the contact circuit 
when energized with the required current. The pi ck up 
o f  the o vercurrent unit with the tap screw any o th er 
tap should be  within ± 5% o f  the tap val ue. 

If  adjustment of pick-up current in between tap 
settings is  desired insert the tap screw in the next 
lowest tap setting and adjust the sp ring as described. 
It should be noted that this adjustment results in a 
slightly different tim e  characteristic curve and burden. 

Directional Unit (D)  

The directional unit is the lower cylinder unit. 

1 .  The upper bearing screw should be screwed 
down until there is approximately .025"  clearance 
b etween it and the top of the shaft bearing. The upper 

pin bearing should then be securely locked in posi
tion with the lock nut. 

2. Contact gap adj ustment for the directional 
unit is made  with the moving contact in the reset 
position ,  i . e. ,  against the right side of the bridge. 

Move in the left-hand stationary contact until 

it just touches the moving contact. Then back off the 
stationary contact 2/3 of one turn for a contact gap 
of 0. 20" .  The clamp holding the stationary contact 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  KRV R ELAY 

I 2 3 
LINE 

67 7 

TRANSFORMER BANK 
NEUTRAL 

VECTORS AT 100� P, F, POWER 1• TRIPPING DI RECTIOII 

I.L. 41· 1 37.28 

PHASE 
PO�����O�. C�T�R�I P_B�U�S����----fGR�O�U�N�D ----------

&1 67N 10 

67N I �--------+--;----4---� L _ _ _  j 

USE 52 a CONTACT IIIIIER TRIP COIL 
SUPERY IS I OR L 16HT I S  USED. 

D£YI CE IIUMBER CHART 

67N 
2 

17 - PIIASE DI RECTIOIIAL OYERCURRUT RELAY, TYPE �RV 
1711 - IIOUIID DI RECTI OIIAL OYERCURRUT RELAY , TYPE KRD 

( BOTH 67 AND 67NI 
I, lo - I RSTARTAREOOS o/c UNIT 

D, Do - DI RECTI OIIAL UNIT 

ICS UXILIARY SWI TCHES 
CSl } 
1/ST - SATURATING TRANSFORMER FOR IRST. 0/C UII I T  

5 2  - 1'1111ER CIRCUIT BREUER 

- IREAlER AUXILIARY CONTACT 

TC - IREAlER TRI P  Cllll 
290B768 

Fig. 7. External Schematic of the K R V  Relay for Phase P rotection and the K RD Relay for Ground Protection. 

housing need not be loo sened for the adju stment 
since the clamp utilizes a spring- typ e action in 
holding the stationary contact in position .  

3 .  Insert tap screw of overcurrent unit  in  highest 
tap .  The sensitivity adjustment is made by varying 
the tension o f  the spiral spring attached to the mov
ing element assembly . The spring is adjusted by plac
ing a screwdriver or similar tool into one of the 
notches located on  the p eriphery of  the spring adjust
er and rotating it. The spring adjuster  is located on 
the underside of the bridg e and is held in place by a 
spring type clamp that does not have to b e  loosened 
prior to making the necessary adjustments. 

The spring is  to be  adjusted such that the con
tact will close when the unit is energized at i ts  
maximum torque angl e (current l eading the voltage by 
30°) with the value of current and voltage shown in 
Table 1 .  

4.  The  magnetic plugs and core are used to  
rev ers e any unwanted spurious torques that m ay be 

presen t  when the relay i s  energized on  current alone. 

The reversing of the spurious torques is  accom
plished by u sing the adjusting plugs and core in the 
following manner: 

Short circuit the voltage terminals and apply 
current to the operating circuit t erminals  as p er 
Table 2.  

Plug and core adj ustment  is then made per Table 
2 such that the spurious torques are reversed. The 
plugs are h eld  in position by upper and lower plug 
clips. These  clip s  need not be  disturbed in any man
ner when making the n ecessary adjustment. The core 
assem bly is  held in position by the clamping action 
of  two compressed springs. This allows its  position 
to be changed  by inserting a non-magnetic t ool into 
the slot on the bottom sid e of the unit. 

The magnetic plug and core adj ustment  m ay be  
utilized to positively close the contacts o n  current 
alone. This may be desired on some installations in 
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TYP E KRV R EL AY __________________________________________________________ _ 

order to insure that the relay will always trip the 
break er on zero potential. 

A u x i l i ary  S wi t ch' (CS- 1 )  

Adjust the stationary core o f  the switch fo r a 
clearance between the stationary core and the mov
ing core when the switch is picked up. This can be 
done by turning the relay upside-down. Then screw 
up the core screw until the moving core starts rotat
ing. Now back o ff the core screw until the moving 
core stops rotating. This  indicates the points when 
the play in the assembly is  taken up, and where the 
moving core just separates from the stationary core 
screw. Back o ff the core screw approximately one 
turn and lock in p lac e. This prevents the moving 
core from striking and sticking to the stationary core 
because of residual magnetism.  Adj ust the contact 
clearanc e for 3/64" by m eans of the two small nuts 
on either side of the Micarta disc. 

Connect l ead ( A) to proper terminal per Fig. 6 .  
Block directional unit ( D) and I contacts clos e and 
energize trip circuit with rated voltage. Contacts o f  

10 

auxiliary switch ( CS- 1 )  should make  as indicated by 
a neon lamp in the contact circuit. 

l n d i  e a t i n g  C a n ta cto r S w i t th ( I C S) 

Adjust the contact gap for approximate ly 5/64 " 
(- 1/ 64 " .  +0). 

Close the main relay contacts and ch eck to see 
that the relay picks up and the target drops between 
1 and 1. 2 amp eres d-e. 

B ri d g e  R e c t i fi e r a n d B l o ck i n g  D i o d e  

These diodes are silicon diodes type IN 1 225.  
I f  it is suspected that one or  more are defective they 
can be checked for reverse l eadage by applying 80% 
or less of rated diode voltage (700 VDC). The leak
age current should be  less than 0 . 5  MA. Voltage 
should be increased gradually. 

If  any of  the diodes are open circuited , then either 
the CSl switch or the I unit will become inoperative. 

-

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E K RV R ELAY ___________________________________________________________ ,_. L __ 4_1·_1 3_7_.2_B 

TAB L E  2 
D I R ECTIONAL U N I T  CALI B RATION + 

Relay Rati ng Current Adjust Adjustment Check Points ¢ 

. 5-2 Amp 25 Amp Core t t  Rotate core b y  m eans of  adjuster 1 5  & 5 Amps.  
1 -4 Amp located on bottom side of 

2-8 Amp cylinder unit. Adjust core so 
that a slight contact opening 
torque is made .  

4- 1 6  Amp 50 Amp 30 & 10  Amps 

1 0-40 Amp 75 Amp 45 & 15 Amps 
20-80 Amp 

. 5-2 Amp 50 Amp If spurious torque is in the 40, 25 & 10 Amps 
1 -4 Amp contact closing direction 

2-8 Amp (left front view) screw out 
right magnetic plug until 
direction of  spurious torque 

Magnetic is reversed. 
Plugs If spurious torque is  in  the 

contact opening direction, screw 
out left plug u ntil spurious 

4-16 Amp 100 Amp torque is s light contact op ening. 80 ,  50 & 20 Amp s 

1 0-40 Amp 1 50 Amp 1 20 ,  75 & 30 Amps 
20-80 Amp 

t Short circuit the voltage polarizing  circuit at the relay terminal s  before making the above adj ustments. 
t t Plugs should be at fully in position prior to adjustment of core. 

¢ There should be no closing torque at these points. Any tendency for the contact to pickup at these points m ay 
be reversed by slight readju stment of the core or plugs. 
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TY P E K RV R ELAY __________________________________________________________ _ 

:JP/1 C E R  5 Fo e 
IHIN PA.l-I.LC:. 
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FOR TH I C K  P.IIN'EL - /USE .190·32 STL/0 
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Fig. 8. O utl ine and Drill ing P l an for the Type K R V  Relay in the Type FT3 1 Case. 

W E S T I N G H O U S E  E L E C T R I C  
R E LAY- I N STR U M E N T  D IVI S I O N  

C O R P O R A T I O N  
N EWAR K, N .  J.  
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Westinghouse I . L  4 1 - 1 37H 

INSTALLATION • OPERATION • MAINTENANCE 

INS T RUC T IONS 
DIRECTIO NAL OVERCU RRENT G RO U N D  RELAY 

TYPES K RP K RC AND K R D  

C A U T I O N  B efore putting relays into service ,  re
move all blocking which may have been inserted for 
the purpose of s ecuring the parts during shipment, 

make sure that all moving parts operate freely, in
spect the contacts to see that they are clean and 

clos e  properly , and operate the relay to check the 
settings and electrical connections.  

A P P L I C A T I O N  

Thes e  relays are high speed ground directional 

overcurrent relays which are used for the protection 

of transmission lines and feeder circuits .  

They are also u s e d ,  without modification to pro
vide directional ground fault protection in the KD 
carrier relaying scheme.  Operation of the relays in 

connection with the c arrier scheme is fully described 

in I .L.  4 1-911 .  

T h e  type KRP relay i s  u s e d  where residual volt

age is available for polarizin g  the directional unit. 
The type KRC is used where this residual voltage 
is not available and residual current must be used. 
The type KRD relay is a dual polarized relay which 
can be polarized from a potential sourc e ,  from a local 
ground source or from both simultaneously. 

C O N S T R U C T I O N  A N D  O P E R A T I O N  

D i rec t i o n a l  U n i t  ( D )  

The directional unit i s  a product induction cylinder 
type unit operating on the interaction betwee n  the 
polarizing circuit flux and the operatin g  circuit flux. 

Mechanically, the directional unit is composed of 

four basic components:  A die-cast aluminum frame , 

an electromagnet, a moving element assembly , and 

a molded bridge. 

The frame serves as the mountin g structure for 

the magnetic core . The magnetic core w hich houses 

the lower pin bearing is secured to the frame by a 

locking nut . The bearing can be replaced,  if neces

sary , without having to remove the magnetic core 
from the frame .  

SUPERSEDES I . L . 4 1 - 1 37G 
* Denotes change from su perseded i s sue .  

Th e e lectromagnet h a s  two s eries-connected 
polarizing coils mounted diametrically opposite one 

another; two s eries-connected operating coils mounted 

diam etrically opposite one another; two magnetic 
adjustin g  plugs; upper and lower adjustin g plug 
clips , and two locating pins. The locatin g pins are 

used to accurately position the lower pin bearing, 

which is threaded into the bridge. The e le ctromagnet 
is s ecured to the frame by four mounting screw s .  

T h e  moving element assembly consists of a spiral 
spring, contact carrying member, and an aluminum 

cylinder assembled to a molded hub which holds the 

shaft. The shaft has removable top and bottom j ewel 
bearings. The shaft rides between the bottom pin 
bearing and the upper pin bearing with the cylinder 

rotating in an air gap formed by the electromagnet 

and the magnetic core. 

The bridge is secured to the electromagnet and 
frame by two mounting screws. In addition to holding 

the upper pin bearing, the tridge i s  u s ed for mounting 

the adjustable stationary contact housing. The sta

tionary contact housing i s  h eld in position by a 

spring type clamp. The spring adjuster is located on 

the underside of the bridge and is attached to the 
moving contact arm by a spiral spring. The spring 
adjuster is also held in place by a spring type clamp . 

With the contacts closed,  the electrical conn ec
tion is made through the stationary c ontact housing 
clamp , to the movi n g  contact, through the spiral 

spring out to the spring adjuster clamp.  

O v ercurrent U n i t  ( I )  

The overcurrent unit is s imilar i n  construction to 

the directional unit. The time phase relationship o f  

the two air gap fluxes necessary for t h e  development 

of torque is achieved by m eans o f  a capacitor con

nected in series with one pair of pole windings . 

The normally-clos ed contact of the directional 

unit is connected acros s  one pair of pole windings 

of the overcurrent unit as shown in the internal sche

matics. This arrangement short-circuits the opera

ting current around the pole windings; preventing the 

overcurrent unit from developing torque . If the direc-
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DIR ECTI ONAL OVERCURRENT GROUND R E LAYS _________________ 1 ·_L ._4_1_·1_37_H 

IMOIC.HIIIb 
CONTACT OR 
SWI TCh -----

W I TH RELAT I V E  IMSTAIITAMEOUS 
POUR i fY AS SHOWN, THE 
OIRECTIOIIAL U II I T COIITAC"FS CLOSE. 

fRONT VIEW 

.:IHRCUII.ti.EIIT U II J T  
( UPPER urHrJ 

SATUliA T i ri "  
fRAHSfOib4fli 

U f �ECT I OIIAL Ull IT 
(LUWEtl. U K i f )  

183A022 

Fig. 2. lnternol Schematic ol the Type KRC Relay in the 

FT3 l Case. 

tional unit should pick up for a fault , this short-cir

cuit is removed, allowing the overcurrent contact to 

commence closing almost simultaneously with the 

directional contact for high speed operation. 

O vercurrent U n i t  T ra n s fo rmer 

Thi s transformer is of the saturating type for 

limitin g the energy to the overcurrent unit at higher 

values of fault current and to reduce C.T. burden. Tbe 

primary winding is tapped and these tap s are brought 

out to a tap block for ease in changing the pick-up 

of the overcurrent unit. The use of a tapped trans

former provides approximately the same energy level 

at a given multiple of pickup current for any tap set

ting, resulting in one time curve throughout the range 

of the relay. 

Across the secondary is connected a non-linear 

resistor known as a varistor. The effect of the var

istor is to reduce the voltage peaks applied to the 

overcurrent unit and phase shifting c apacitor. 

I N D I CA T I NG C O N T A C T O R  S W I T C H  U N I T  ( I C S )  

The indicating contactor switch i s  a small d-e 

operated clapper type device. A magnetic armature,  

to which leaf-spring mounted contacts are attached, 

is attracted to the magnetic core upon ener gi zation of 

the switch. When the switch closes, the moving 

contacts bridge two stationary contacts, completing 

the trip circuit. Also during this operation two fingers 

on the armature deflect a spring located on the front 

of the switch , which allows the operation indicator 

target to drop . The target is reset from the outside of 

the case by a push rod located at the bottom of the 

IIID ICATII'I_. 
COtiTACTOR SWITCh - --

W I T h  ULHI�E IIISTAIITAtlOUS 
POLA R i n  AS SuOW�. THE 
� I RECTI OIIAL I.!N I T  COPITACTS CliJSL 

FRONT VIEW 

O�UWRREIIT U I U T  
( UPPER U N I T )  

--SAT;JRATIMG -
TRAMSFO�ER 

?""DI RECTIONAL UIIIf 
( LOWER U N I T  ) 

CHASSIS OPERATED 
_ SHORT/Nil SWITCH 

183A025 

Fig. 3.  Internal Schematic of the Type KRP Relay in the 

FT3 l Case. 

cover. 

The front spring, in addition to holding the target, 

provides restraint for the armature and thus controls 

the pickup value of the switch . 

C H A R A C T E R I S T I C S  

The relays are available in the following current 

ranges : 

R a n g e  T a p s  

0.5-2 Amps 0.5  0. 75 1 . 0  1 . 25 1 .5 2 
1-4 1 . 0  1 .5 2.0 2.5 3.0 4.0 
2-8 2 3 4 5 6 8 
4-16  4 6 8 9 1 2  16  

1Q-40 10 15 20 24 30 40 

The tap value is the minimum current required to 

j ust close the overcurrent relay contacts. For pick

up settings in between taps refer to the section under 

adjustments. 

T y pe K R P  R e l ay 

The KRP relay is designed for potential polari

zation and has its maximum torque when the current 

lags the voltage by approximately 60 degrees. The 

shifting of the maximum torque angle is accomplished 

by the use of an internally mounted phase shifter as 

shown in the internal schematic . 

The directional unit minimum pick-up is approxi

mately 1 volt and 2 amperes at its maximum torque 

angle for the 0 .5 to 2, 1 to 4, and 2 to 8 ampere 

range relays. For the 4 to 16 and 10 to 40 ampere 
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D I R ECT I ONAL OV ERCU RR ENT GROUND R E LAYS ___________________ _ 

I MO I CA.TIMG 
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SWI TCH 
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( l OWER U II I T )  

W I HI RELATIVE INSTAIHAIIEOUS 
POLARITY AS SHOWII, THE 
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CURREIIT TEST JACk 
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183A412 

Fig. 4. Internal Schematic of the Type KRD Relay in the 
FT3 1 Case. 

range, the minimum pick-up is 1 volt and 4 amperes. 

T y p e  K R C  R e l a y  

The KRC relay i s  designed for current polariza
tion and has its maximum torque when the operating 

current leads the polarizing current by approximately 

40° . 

The directional unit minimum pick-up is 0.5  

ampere in each windin g at the maximum torque angle 

for the 0 . 5  to 2, 1 to- 4 ,  and 2 to 8 ampere range relays. 

For the 4 to 16 and 10 to 40 ampere range , the mini
mum pick-up is 1 ampere. 

T y p e  K R D  R e l ay 

The type KRD relay utilizes a directional unit 
similar to the KRC relay in conjunction with the 
directional unit and phase-shifting c ircuit of the KRP 
relay . 

The current-polarized directional unit of the KRD 

relay operates on residual currents while the poten

tial-polarized directional unit of the KRD relay 

operates on residual voltage and residual current. 

For the 0 .5  to 2 ,  1 to 4 ,  and 2 to 8 ampere range 

relay s ,  the minimum pick-up of the current polarized 

unit is 0. 5 ampere in each winding at the maximum 

torque angle . The minimum pick-up for the voltage 

polarized unit is 1 volt and 2 amperes with the cur

rent lagging voltage by 60° . 

For the 4 to 16 and the 10 to 40 ampere range 

relays , the minimum pick-up is 1 ampere for the cur

rent-polarized directional unit , and 1 volt and 4 

4 

amperes for the voltage-polarized directional unit . 

T I M E C U R V E S  

The time curves for the KRD relay are shown i n  
Fig. 5 and 6 .  Fig. 5 consists of three curves which are:  

1 )  Directional U nit opening times for current and volt
age polarized. 

2) Directional Unit closing time for current and volt
age polarized. 

3) Directional Unit closing time for 1 volt, voltage 
polarized. 

Fig. 6 shows the instantaneous overcurrent unit 
closing tim e .  

The voltage polarized curve B begins t o  deviate 
from curve A for less than 5 volt s. 

Both the directional unit and the overcurrent unit 
must operate before the trip circuit can be complet ed. 

Hence, the unit w .hich takes the longer time to oper
ate determines when the breaker will be tripp ed. The 

overcurrent unit contacts cannot operate until the b ack 
contacts of directional unit ope n; therefore , the total 
time for overcurrent unit to operate is its clo sing time 

given in Fig. 6 plus the directional unit ope ning time 

given in Fig. 5. The total clo sing time for the direc
tional unit is giv en in Fig. 5 .  The two exampl es be
low will serve to illustrate the use of the curves. 

Example 1 :  Using the formulas and definition of sym
bols on Fig.  5 , we have-

* 

* 

L et: lpol = 2 amps.  

lop = 2 . 3 1  
T ap V alue (T) = 0 . 5  amp. 
¢ = 0 0 

For current pol arized relay: 

MPP = lop lpol Cos ¢ 
. 25 

MPP = ( 2. 3 1 )  ( 2) = 1 8 . 5  

. 25 

Referring to Fig. 5 at multiples of product pickup 
of 1 8 .  5,  the directional unit opening time is about 1 1  

m s ,  and the clo sing time for this unit i s  5 6  ms.  

For overcurrent unit: 

Multiples of pickup = lop = 2. 3 1  = 4 . 6  
T o:5 

Entering the curve in Fig. 6 at multiples of pickup 

equal to 4 . 6 ,  the closing time for the overcurrent is 16 
ms. However, the total operating time for the over
current unit is 1 6  plus 1 0 ,  which is the opening time www . 
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DI R ECTIONAL OVERCU R R ENT GROUND R E LAYS _________________ __:.'·:.::L�. ;.:.:4 1�- 1:..::.37:..:,:H 

of back contacts of the directional unit, or 26 ms total 
operating time for overcurrent unit. The total time for 

* directional unit is 56 ms; and, since this is the long
e st time, 5 1  ms is the total operating time o f  the re
lay. 

Example 2: 

Let: Ipol = 20 amps. 
lop = 23. 1 amps. 
T (tap) = 1 amp. 

¢i = 0 

• 

MPP = lop Ipol Cos ¢ 
. 25 

MPP = ( 20 )  ( 23 . 1 ) = 1850 
. 25 

* Entering Fig. 5 ,  the directional unit closing time 
is 12 ms, and the opening time of its back contacts is 
1 ms. The total operating time for the directional unit 
is 12 ms. 

* 

For overcurrent unit: 
Multiples of plckup = lop = 23 . 1  = 23. 1 

T -1 -

Referring to Fig. 6, the overcurrent unit co ntact 
closing time is about 10 ms. Therefor e, the total op er
ating time for this unit is  1 3  plus 1 or 14 ms. In this 
case the total operating time of relay is 14 ms. 

Tri p C i rcuit  

The main contacts will safely close 30 amperes 
at 250 volts d-e and the seal-in contacts of the in
dicating contactor switch will safely carry this cur
rent long enough to trip a circuit breaker. 

The indicating contactor switch has a pickup of 

approximately 1 ampere . Its d-e resistance is 0. 1 
ohms.  

C y l i n der  U n i t  Contacts  

The moving contact assembly has been factory 

adjusted for low contact bounce performance and 
should not be changed. 

The set screw in each stationary contact has 
been shop adjusted for optimum follow and this ad
justment should not be disturbed. 

S E T T I N G S  

O vercurrent U n i t  ( I )  

The only setting required i s  the pickup current 
setting which is made by m eans of the connector 
screw located on the tap plate. By placing the con
nector screw in the desired tap , the relay will just 
close its contacts at the tap value current . 

For carrier relaying the carrier trip overcurrent 
unit located in the type KRP, KRC or KRD relay 
should be set on a higher tap than t he c arrier start 
overcurrent unit located in the type KA relay at the 
opposite end of the line. 

C A U T I O N  Since the tap block connector screw car

ries operating current, be sure that the screw is 
turned tight .  

I n  order t o  avoid opening the current transformer 
circuits when changing taps under load, connect the 
spare tap screw in the desired tap position before 
removing the other tap screw from th e original tap 
position. 

D i rect ional  U n i t  ( D )  

N o  s etting i s  required. 

I N S T A L L A T I O N  

The rel ays shoul d b e  mounted on switchbo ard 
panel s or their equival ent in a l ocation free from dirt, 

moisture, excessive vibratio n  and h e at.  Mount the 
relay vertically by means of the two mounting studs 
for projection mounting or by m eans of the four mount
ing hol e s  on the flange for the semi-fl ush mounting. 
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D I R ECTIONAL OVERCURR ENT GROUND R E LAYS ___________________ _ 

E N E R G Y  R E Q U I R E M E N T S  

B U RDEN DATA OF OPERATING CURRENT CI RCUIT - 60 CYCLES 

TY P E  K R P R E L A Y  

AMP E R E RANG E TAP VA AT TAP VALU E  rr P . F .  ANGL E¢ VA AT 5 AMPS. 7T P . F .  ANGLE¢ 

.5  0 .40 36.8° 26. 10 4 2 . 3° 

. 75 0 .45 35 . 3  1 6 . 70 36 .9  

.5-2  
1 .0  0.53 34 . 1  12. 10 3 3 . 9  
1 . 25 0 . 62 33 . 1  9.43 3 3 . 1  
1 .5  0 . 73 32 .3  7 . 94 3 1 . 6  
2 . 0  0 . 96 32. 1 6. 06 3 1 . 1  

1 . 0  0.53 3 1 . 1° 12.50 3 1 . 2° 

1 .5  0 . 72 29. 1  7 . 99 28. 2 

1-4 
2 . 0  0 . 96 28.7  6 . 09 2 7. 8  
2 .5  1 . 25 28.7  5 . 04 28. 1 
3 . 0  1 . 63 29.6 4.57 28 .9  
4 . 0  2 .55 30. 1 3 . 99 30 .0  

2 1 .55 38.3° 9.54 37. ff 
3 2 . 26 35 . 5  6 . 25 34 . 8  
4 3 . 20 33 . 2  4 . 98 33 . 1  

2-8 5 4 .39 32.8  4 . 40 3 2 . 7  
6 5 . 78 32.4  4 . 05 3 2 . 1  
8 9 . 3 1  3 1 . 8  "3 . 62 32.4  

4 2 . 05 4 2 . 8° 3 . 24 4 2 . 0° 

6 2 . 94 38.5 2 . 03 3 8 . 0  
8 4 .09 35 . 7  1 . 5 9  3 5 . 7  

4- 16 9 4 . 77 34 . 8. 1 . 46 35 .5  
12  7 .30  33 .3  1 . 24 34 . 3  
1 6  1 1 .5 3 2 . 0  1 . 1 1  34 . 2  

10 5 . 23 30.9° 1 . 33 30 .8° 

15 10.5 30.3  1 . 15 3 1 . 3  
2 0  17.6 30.3  1 . 07 30 .8  

10-40 24 24 . 1  29.4 1 . 05 29.9  
3 0  36.8  30. 1 0 . 99 3 1 . 6  
40 64. 9  28.9 0 . 97 3 1 . 9  

¢D egrees current lags voltage .  
rr Voltages taken with R ectox typ e voltmeter. 
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D I R ECTIONAL OVERCUR R ENT GROUND R ELAYS __________________ 
1 ·

_
L .

_
4

_
1 -

_
1 J

_
7H 

E N ERGY R EQUIR EMENTS - 60 CYCL ES 

T Y P E  K R C  R E L A Y  

AMP E R E  RANGE TAP VA AT TAP VAL U E  7T P . F .  ANGL E¢ VA AT 5 AMPS. TT P .F .  ANGLE¢ 

.5  0.42 39.5° 27.50 43 . 1f 

. 75 0.49 37.9 17 .60 39.5 

.5-2 
1 . 0  0.57 36.9 13 .00 37.8 
1 . 25 0 .68 36.0 10.50 35 .9 
1 .5 0 .81  36 .0  8 .98 35 . 6  
2 .0  1 . 10 36.4 6 .94 35 .4 

1 . 0  0.57 37. 1° 13 . 30 38. 1° 

1 . 5  0 . 79 36.7 8 . 79 36.8 

1-4 
2.0 1 . 10 37. 1 6 .84 36. 8 
2.5 1 .46 37.9 5 . 90 37.4 
3 . 0  1 . 92 38.4 5 . 34 38. 1 
4 .0  3 .06 39. 6 4 . 7'Z 39. 1 

2 1 . 68 39.8° 10.50 38.8° 

3 2.58 37.3 7 .03 36.5 

2-8 
4 3 . 75 36. 1 5 . 87 35 . 8  
5 5 . 19 35 .8  5 . 17 35 . 7  
6 7.07 35 .8  4 . 88 36. 1 
8 11 .30 35 . 7  4 . 5 1  36.8 

4 2 . 17 42.2° 3 .37  42.0° 

6 3 . 20 38.0 2 .22 37.8 

4-16  
8 4 . 64 35 .5  1 . 80 36.0 
9 5 . 37 35 .8  1 .67 35 . 7  

1 2  8.52 34 .8  1 . 46 35 . 0  
16 13 .8  33 . 7  1 . 33 35 . 0  

10 6 .08 34 .0° 1 .52  33.9° 

15 12 .2  32. 6  1 . 34 34 . 1  
20 20.5 3 1 . 8  1 . 27 34.5 

1Q-40 
24 28 . 7  3 1 . 3  1 . 24 34 .5  
30 43 .4 30.4 1 . 19 35 .4 
40 78 .3  28.5 1 . 16 35 . 6  

¢D egrees current lags voltage .  

TTVoltages tak en with R e cto x  type voltm eter. 
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DI RECT IO NAL OVERCU RRENT GRO UN D  R E LAYS 

EN E RGY R E QU I R EM ENTS - 60 CYC L ES 

TY P E  K R D  R E L AY 

AM P ER E  RANGE TAP V A  AT TAP VAL U E  7r P . F. AN G L E ¢ VA AT 5 AM PS. 7r P. F. AN G L E  ¢ 
. 5  0 . 4 2  39 . 5  ° 28 .. 30 47.0 ° 
.75  0 . 5 1  39 . 5  19.80 43.0 

. 5-2 
1.0 0 . 63 39 . 5  14. 50 4 1.0 

1 . 25 0 . 78 40.0 1 2. 10 40. 0  

1 . 5  0.97 40.0 10.60 40.0 
2.0 1 .44 40.0 8.80 40. 0  

1 . 0  0.65 39 .0 ° 15. 20 40 .0 ° 
1 . 5 1.0 1 39 . 5  1 1.00 40.0 

1-4 2.0 1.48 40.0 9 . 10 40.0 
2. 5 2. 10 40. 5 8. 25 40. 5  
3.0 3.85 4 1.0 7.75 4 1.0 
4.0 4. 56 4 1 . 5  7 . 25 4 1. 5  

2 2.0 1 46.0 ° 1 2. 7 5  4 5 . 5  ° 
3 3. 44 44.0 9 . 50 43.5  

2-8 
4 5. 36 42. 5 8 . 40 42. 5 

5 7.75 42.0 7.75 42.0 
6 10. 7 1  42.0 7.45 42.0 
8 18. 40 42.0 7. 1 5  

4 2.86 40.0 ° 4. 45 40.0 ° 
6 4. 8 3  34.0 3. 34 34.0 
8 7 . 58 32.0 2.90 3 1 . 0  

44- 16 9 9.09 3 1.0 2.78 3 1.0 
12 1 4. 70 30.0 2. 58 30.0 
16 25.00 30.0 2. 40 30.0 

10 10 . 5  30.0 ° 2.60 30. 0  ° 

1 5  22.0 29 . 5  2. 40 29. 5  
20 37.8 29.0 2. 35 29 . 5  

10-40 
24 55. 2 29. 0  2. 30 29. 5 

30 84.0 28. 5  2. 25 29 . 5  
40 149.0  28.0 2. 24 29 . 5  

¢ Degrees current lags voltage. 
7T Voltages taken with Rectox type voltmeter. 

O V E RCU RRENT U N I T  BU R D EN DATA AT H I GH C U R R ENTS 

TY P E  K R D  REL AY 

AM PE R E  RANGE 1 - 4 

T ap Value Current 1 2 4 

Multiples o f  
T ap V alue Current 

20 40 60 80 10 20 30 40 5 10 1 5  20 

VA 7T 6 5  176 330 560 27 76.8 1 56 236 1 2.4 40 85. 2 136 

P . F. Ang l e ¢ 4 1 ° 35 ° 27. 2 ° 23. 6 ° 35. 6 ° 28.8 ° 23.8 ° 2 1. 5 ° 24. 3 ° 22. 7  ° 19.9 ° 1 6. 1 °  
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D I RECTIONAL OVE RC U R R EN T  GROUND R E LAYS __________________ I ._L
_. _41_- 1

_37_H 

E N E RGY R EQUIR EMENTS - 60 CYCLES 

D I R ECTIONAL UNIT POLARIZING C I RCUIT BURDEN 

R ELAY TYP E  RAT I NG VOLT AMP E R E S  6 POWER FACT OR ANGLE ¢  

KRC 230 T 1 .45 ffJ Lag 
Amperes 

KRP 208 7T 1 1 . 2  28° Lead 
Volts 

KRD Current 230 T 1 . 45 8° Lag 
Unit Amperes 

KRD Voltage 208 7T 1 1 . 2  28° Lead 
Unit Volts 

¢ Degrees current leads or lags voltage at 120 volts on voltage polarized units and 5 amperes on current 
polarized units. 

6 Burden of voltage polarized units taken at 120 volts. Burden of current polarized units taken at 5 amperes. 
T One second rating 

7T 30 second rating. The 10 second rating is 345 volts. The continuous rating is 1 20 volts. 

Either of the studs or the mounting screws may be 
utilized for grounding the relay. The electrical con
nections may be made directly to the terminal s by 
means of screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting. The terminal studs may be easily removed 
or inserted by locking two nuts on the studs and then 
turning the proper nut with a wrench. 
For detailed inform ation, refer to I.L. 41-076. 

The external a-c connections of the directional 
overcurrent relays are shown in Figs. 7, 8 and 9 .  If 
no voltage polarizing source is to be connected to 
the KRD relay, short-circuit the voltage p�larizing 
circuit at the terminals of the relay. 

A D J U ST M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera
tion of this relay have been made at the factory. Upon 
receipt of the relay, no customer adjustments,other 
than those covered under "SETTINGS" ,  should be 
required. 

A cceptance C heck 

The following check is recommended to insure 
that the relay is in proper working order; 

O vercurrent U n i t  ( I )  

1. Contact Gap - The gap between the stationary 
and moving contacts with the relay in the de-ener
gized position should be approximately .020". 

2. Minimum Trip Current - The normally-closed 
contact of the directional unit should be blocked open 
when checking the pick-up of the overcurrent unit. 

The pick-up of the overcurrent unit can be checked 
by inserting the tap screw in the desired tap hole and 
applying rated tap value current .  The contact should 
clos e within ±5% of tap value current. 

D i rect i on a l  U n i t  ( D )  

1.  Contact Gap - The gap between the station
ary contact and moving contact with the relay in the 
de-energized position should be approximately . 020".  

2 .  Sensitivity - The respective directional units 
should trip with value of energization and phase 
angle relationships as indicated in Table 1 .  

3 .  Spurious Torque Adjustments - There should 
be no spurious closing torques when the operating 

circuits are energized per Table 2 with the polarizing 
circuits short-circuited for the voltage polarized units 
and open-circuited for the current polarized units. 

I n d i c at i ng  C ontactor Switch  ( I C S )  

Close the main relay contacts and pass sufficient 
d-e current through the trip circuit to close the con
tacts of the ICS. This value of current should be 
between 1 and 1 . 2  amperes. The indicator target 
should drop freely. 

The contact gap should be approximately 5/64 " be-
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D I R ECTIONAL OVERCURRENT GROUND R E LAYS----------------��� 

5 \ I I  I I  0 Dl RECT I ONAL UN ITS \\ FOR POTENTIAL POLARIZED TYP ICAL OPERATI NG TIME 

MPP : EPOL l op COS (9 -60°) (FOR TWO ELEMENT DUAL) 
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lop a OPERATING CURRENT ' 8 •ANGLE BY WHICH Io LAGS Ep 
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3 4 5 I I 1 1 10 20 30 40 50 60 10 lOCI 2110 300 400 100 100 1000 !000 
MULTIPLES OF PRODUCT PICKUP 

538108 
* Fig. 5. Typical Operating Times for the Type KRP and KRD (When Potential Polarized} Relays. 

tween the bridging moving contact and the adjustable 
stationary contacts. The bridging moving contact 
should touch both stationary contacts simultaneously. 

R O U T I N E  M A I N T E N A N C E  

All relays should be inspected periodically and 
the operation should be checked at least once every 
year or at such other time intervals as may be dic
tated by experience to be suitable to the particular 
application. 

All contacts should be periodically cleaned. A 
contact burnisher S1tl82A836H01 is r ecommended for 
this purpose. The use of abrasive m aterial for clean
ing contacts is not recommended, because of the 
danger of embedding small particles in the face of 
the soft silver and thus impairing the contact. 

C a l i brat i on 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs or 
the adjustments have been disturbed. This procedure 

10 

should not be used unless it i s  apparent that the 
relay is not in proper working order. (See "Accept
ance Check" ). 

O vercu rrent Uni t ( I )  
1.  The upper pin bearing should be screwed down 

until there is approximately .025 clearance between 
it and the top of shaft bearing. The upper pin bear
ing should then be securely locked in position with 
the lock nut. The lower bearing position i s  fixed and 
cannot be adjusted. 

2. The contact gap adjustment for the overcur
rent unit is made with the moving contact in the 
reset position, i . e. , against the right side of the 
bridge. Advance the stationary contact until the 
contacts just close. Then back off the stationary 
contact 2/3 of one turn for a gap of approximately 
.020" .  The clamp holding the stationary contact 
housing need not be loosened for the adjustment 
since the clamp utilizes a spring-type action in 
holding the stationary contact in position. 
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DI R ECTIONAL OV ERCUR R E NT GROUND R E LAYS _________________ ,_.L_. _4 1_· _1 3_7H 
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I N STANTA N E OUS OVERCURRENT UNIT 

TYPI CAL CLOSING T I M E  ( FOR T W O  E L E M E N T  DUAL) 
POLAR I Z E D  RELAY 

-----

2 3 4 5 6 7 8 9 10 20 30 40 50 

MULTIPLES OF PICKUP 

538109 
* F ig. 6. Typ.ical Operating Times for the Type KR C ancl KRD (When Current Polarizecl) Relays. 

3. The sensitivity adjustment is made by vary
ing the tension of the spiral spring attached to the 
moving element assembly. The spring is adjusted 
by placing a screwdriver or similar tool into one of 
the notches located on the periphery of the spring 
adjuster and rotating it. 'fhe spring adjuster is 
located on the underside of the bridge and is held i:n 
place by a spring type clamp that does not have to 
be loosened prior to making the necessary adjust
ments. 

Before applying current , block open the normally
closed contact of the directional unit. Insert the tap 
screw in the minimum value tap setting and adjust 
the spring such that the contacts will close as in
dicated Qy" a neon lamp in the contact circuit when 
energized with the required current. The pick up of 

the overcurrent unit with the tap screw in any other 
tap should be within ±5% of tap value. 

If adjustment of pick-up current in between tap 

settings is desired insert the tap screw in the next 
lowest tap setting and adjust the spring as described. 
It should be noted that this adjustment results in a 
slightly different time characteristic curve and burden. 

D i rect i o n a l  U n i t  ( D )  

In the type KRP and KRC relays the directional 
unit is the lower unit. In the type KRD the direc
tional units are the lower and middle units . 

1 .  The upper bearing screw should be screwed 
down until there is approximately .025 clearance 
between it and the top of the shaft bearing. The upper 
pin bearing should then be securely locked in posi
tion with the lock nut. 

2. Contact gap adjustment for the directional 
unit is made with the moving contact in the reset 
position, i .e. , against the right side of the bridge. 
Advance the right hand stationary contact until the 
contacts just close. Then advance the stationary 
contact an additional one-half turn. 

Now move in the left-hand stationary contact 
until it just touches the moving contact. Then back 
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DI R ECTIONAL OVE RCUR R ENT GROUND R ELAYS __________________ _ 
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TC • 1101£1 TIIP COIL 

183A968 

Fig. 7. External Schematic of the Type KRC Relay. 

off the stationary contact 3/4 of one turn for a con
tact gap of .020" to .024 " .  The c lamp holding the 
stationary contact housing need not be loosened for 
the adj ust"ment since the clamp utilizes a spring-type 
action in holding the stationary contact in position. 

3. Insert tap screw of overcurrent unit in highest 
tap . The sensitivity adjustment is made by varying 
the tension of the spiral spring attached to the mov
ing element assembly. The spring is adjusted by 
placing a screwdriver or similar tool into one of the 
notches located on the periphery of the spring ad
j uster and rotating it. The spring adjuster is located 
on the underside of the bridge and is held in place 
by a spring type clamp that does not have to be 
loosened prior to making the necessary adjustments. 

The spring is to be adjusted such that the con
tacts will close as indicated by a neon lamp in the 
contact circuit when ens-gized with the required cur
rent and voltage as shown in Table 1 .  This table in
dicates that the spring can be adjusted when the phase 
angle relationship between the operating circuit and 
the polarizing circuit is at the maximum torque angle 
or when the circuit relationship has the operating and 
polarizing _circuits in phase. 

12  

I ;: 

i 
DEVICE MIIMI{I CtWU 

671 • OI R.ECTIOIAL O'i'ERCUlllElll liROIIIO REU.Y 
TYPE KRP � • OVEICUII.EMT UMIT GF TYP'E UP 

!p .. D IRECTIOIAL �li l T  Of TYPE lllP 

S2 • NWEI CIRCUIT BIEAIEI 

IC� • IIIIICATiliG !;OMTA(;JOI SWIJCH 
a - IIUIU AUIILIAIY COITACT 

TC • IIWEI TIIP COIL 

Fig. 8. External Schematic of the Type KRP Relay. 

4. The magnetic plugs are used to reverse any 
unwanted spurious torques that may be tresent when 
the relay is energized on current alone. 

The reversing of the s Jlll"ious torques is accom
I?lished by using the adjusting plugs in the following 
manner: 

a) Voltage circuit terminals on the voltage 
polarized relays (KRP and KRD voltage polarized 
unit) are short-circuited. 

b) The polarizing circuit of the current polarized 
relays (KRC and KRD current polarized unit) are open
circuited. 

Upon completion of either "a" or "b", current is 
applied to the operating circuit terminals as per 
Table 2. 

Plug adjustment is then made per Table II such that 
the spurious torques are reversed. The plugs are 
held in position by upper and lower plug clips. 
These clips need not be disturbed in any manner 
when making the necessary adjustment. 

The magnetic plug adjustment may be utilized to 
positively close the contacts on current alone. This 

"'"'"!1!!11 
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DIR ECTIONAL OV ERCU RR ENT GROUND R ELAYS _________________ 
,_.L_.

_
4

_1 -_
1 3_7H 

• 

l 
I 2 i 

ITATUMI IUS 

�II./ SUUIATII' TUIISFOUEI SEC. 111• • tallc�= :::..c:r ..... uu.r ll'ft iiD ip.· IUI"'UDT WilT . TYf( ltD 
� . .,_ •••n-.&. •n • "" uo 

ll 'a . ..... ltMa...a. •n W nPE UD 
M .. ,_. CIMI&T MIAIII 

- • ... UTIM -SIC- -
• • __. IIDILIAn' CIITACT 

1C • .ual IIIP .IL 

183A970 
Fig. 9. External Schematic of the Type KRD Relay. 

may be desired on some installations in order tO in
sure that the relay will always trip the breaker on 
zero potehtiaL 

Ind i cat ing  Contactor Swi tch ( I CS) 

Adjust the contact gap for approximately 5/64 "  
( - 1/64" ,  +0). 

Close the main relay contacts and check to see 
that the relay picks up and the target drops between 
1 and 1 . 2  amperes d-e. 

To increase the pickup current remove the molded 
cover and bend the springs out or away from the cover. 
To decrease the pickup current bend the springs in 
toward the cover. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to the customers who are equipped for 
doing repair work. When ordering parts, always give 
the complete nameplate data. 

RATING OF OVERCURRENT UNIT 

RANGE 

.5-2 
1-4 
2-8 
4- 1 6  

HHO 

CONTINUOUS RAT ING AMP E R ES 

5 
8 
8 

10 
10 

ONE SECOND RAT ING AMP E R E S  

100 
140 
140 
200 
200 
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D I R ECTI ONAL OVERCU RR ENT GROUND R E LAYS ___________________ _ 

R E LAY TY P E  

KRP 
KRD (Voltage 

Unit) 

KRC 

KRD (Current 
Unit) 

TABL E I 

D I R ECTIONAL UNIT SENSITIVITY 

AMP ER E RATI NG VAL UES FOR M IN .  P I CKUP  T 

VOLTS AMP E R ES 

. 5-2 
1-4 1 2 .0  

2-8 1 4 . 0  

4- 1 6  1 4 . 0  
1 0-40 1 8.0 

. 5- 2 0 . 5 
1-4 
2-8 * 0 . 57 

4- 1 6  1 . 0  
1 0-40 * 1 . 4  

T The en ergi zation quantitie s  are input quantitie s  at the relay tenninal s. 
TT M aximum torque angl e.  

TAB LE  I I  

DI R ECTIONAL U N I T  CAL I B RATI O N  

R ELAY RAT I NG CUR R E NT AMP ER ES BOTH PLUGS I N  COND I T I ON 

All Ranges 80 Spurious Torque In Contact 

Closing Direction ( Left Front 
View) 

All Ranges 80 Spurio us Torque In Contact 
Opening Direction (Right Front 
View) (Contacts remain open) 

PHASE  ANG L E  RE LAT I ONSH I P  

I lagging V by 60° TT 
I in-phase with V 

I lagging V by 60° TT 
I in-phase with V 

1a leading � by 40° TT 

In-phase 

1a leading 1u by 40° TT 
In-pnase 

ADJ USTMENT 

Right (Front-View) Plug Screwed 

Out Until Spurious Torque is Re-
versed. 

Left (Front View) Plug Screwed 
Out Until Spurious Torque is in 
Contact Closing Direction. Then 
the plug is screwed in Until Spuri-
ous Torque is Reversed. 

Short circuit the voltage polarizing circuit and open circuit the current pol arizin g circuit at the relay tenninal s 

before making the above adjustments. 
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D I R ECT I ONA L OVERCUR R ENT GROUND R ELAYS __________________ 
1
_.L_. _41_·1_
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57-D-7902 

Fig. JO. Outline anJ Drilling Plan for the KRP, KRC, anJ KRD Relays in the FTJ J  Case. 
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Westinghouse L L. 41- 137.3A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE KRD-4 DIRECTIONAL OVERCURRENT 

GROUND RELAY 

CAUTION: Before putting relays into service,  re
move all blocking which may have been inserted for 
the purpose of securing the parts during shipment, 

mak e  sure that all moving parts operate freely, in
spect the contacts to see that they are clean and 
clo se properly, and operate the relay to check the 
settings and electrical connectio ns. 

A P P L I C A T I O N  

The KRD-4 relay is a high sp eed directional over

current relay which is used for the protection of trans
mission lines and feeder transmis sion lines and feeder 
circuits. These relays are dual polarized relays which 

can be polarized from a potential source ,  from a local 

ground source,  or from both simultaneously. 

They are al so used , without modifications to pro

vide directional ground fault p rotection in the KD- 4 
carrier relaying scheme. Operation of the relays in 
connection with the carrier scheme is fully described 
in I . L .  4 1-9 1 1 . 

C O N S T R U C T I O N  

The type KRD-4 directional ov ercurrent ground 

relay consi sts of a dual polarized directional unit, 
an instantaneous overcurrent unit, and an indicating 
contactor switch. The princip al parts of the relay and 
their location are shown in Fig. 1 to 3 .  

A .  DI RECTIONAL U N I T  ( D) 

The directional unit of the KRD- 4  consists of an 

induction cylinder unit , phase shifting network , and 
a de-coupling network . 

1 .  I nduction Cyl i nder Un i t  

The cylinder unit is a pro\fuct type i n  which tor

que is produced by the phase relationship of an op er

ating flux and a polarizing flux on an aluminum cylin

der supporting a moving contact arm .  A contact open

ing torque or a contact clo sing torque is produced 
depending upon the phase relationship between the 

two fluxes. 

SUPERSEDES I . L. 4 1 - 1 37.3 
*Denotes change from superseded i ssue 

The cylinder unit consists of three basic assem

blies:  an electromagnet ass embly, a moving elem ent 
assembly , and a stationary closing assembly. 

The electromagnet assembly consists of an elec
tromagnet, an adjustable magnetic core, two magnetic 

adj usting plugs, lower bearing pin, and a die- casted 
aluminum frame. The moving element ass embly con

sists of a spiral spring, contact carrying member, and 
an aluminum cylinder which is  assembled to a molded 
hub which holds the shaft. The shaft has removable 
top and bottom j ewel bearings. The stationary con
tact assembly consists of a molded bridge , upper 

bearing pin, stationary contact housing and spring 
adj uster is  located on the underside of the bridge 
and is held in place by a spring type clamp. It is 
attached to the moving contact arm by a spual sprin g. 

The electromagnet has four poles, two operating 
poles and two polarizing poles.  Each pair of pol es 
are diametrically opposite each other and are excited 

by series connected coils. (Two sets of series con
nected coils are used to excite the polarizing pole s ,  
o n e  s et for current polarizing and t h e  other s e t  for 

voltage polarizing). The electromagnet is perm anently 
mounted to the frame in such a manner that an air 
gap exists between the pole faces of the electromagnet 
and the magnetic core. The aluminum cylinder of the 
moving element ass embly rotates in this air gap on 
the upper and lower pin bearing. 

With the contacts closed, the el ectrical connec
tion is m ade through the stationary contact housing 
clamp,  then the moving contact, through the spiral 
spring out to the spring adj usted clamp. 

2. Phase Sh i ft ing Network 

The phase shifting network consists of a re sistor ,  

capacitor and reactor in the polarizing circuit of the 

directional unit , and a saturable shunt in the oper

ating circuit. 

3. De-Coupl i ng Network 

The de-coupling network consists of an air gap 
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TYP E K RD-4 DI R E CTIONAL O V E RC U R R ENT 
GROUND R ELAY-------------------------------------------------------------

transformer,  c apacitor, reactor, and resistor. Elec
trically thi s network i s  equivalent to the polarizing 
circuit of the induction cylinder unit and i s  utilized 
to minimize the coupling between the current and 
potential polarized sources .  

B. I NSTAN TAN EOUS OVERCUR R E N T  UN I T  ( I )  

The instantaneous overcurrent unit  consists of an 
induction cylinder unit , capacitor, varistor, and a 
transformer. The components are connected such that 
a contact closing torque is produced when the current 
exceeds a specifi ed value .  

1. Cyl inder Unit  

The cylinder unit  i s  similar in construction to the 
cylinder unit  of  the directional unit  except that all 
coils are similar .  The phase relationship of the two 
air gap fluxes  necessary for the development of tor
que i s  achieved by m eans of a capacitor connected 
in  series  with one pair of pole windings.  

2. Tran sformer 

The transformer is a saturating type consisting 
of a tapped primary winding and a secondary wind
ing. A varistor is connected across the secondary 
winding to reduce the voltage peaks  applied to the 
cylinder unit and phase shifting capacitor. 

C. I NDICATI NG CONTACTOR SWI TCH ( I CS) 

The indicating contactor switch is a small d-e 
operated clapper type device. A magnetic armature 
to which l eaf-spring mounted contacts are attached, 
is attracted to the m agnetic core upon energization 
of the switch. When the switch closes ,  the moving 
contacts bridge two stationary contacts ,  completing 
the trip circuit. Also during this operation two fingers 
on the armature deflect a spring locat ed on the front 
of the switch, which allows the operation  indicator 
target to drop. The target is reset from outside of the 
case by a push rod located at the bottom of the cover. 

The front spring ,  in addition to holding the tar
get,  provides restraint for the armature and thus con
trols  the pickup value of the switch. 

O P E R A T I O N 

The type KRD-4 relay i s  connected to the pro
tected transmi ssion line as shown in Fig. 4. In  such 
a connection ,  the relay o perates  to disconnect the 
line for ground faults of a definite magnitude that are 
flowing in a specified direction. 

4 

The directional unit of the relay compares  the 
phas e angl e between the fault current and the polari
zing quantities  of the system and either produces  a 
contact closing torque for faults in the trip direction 
or produces a contact opening torque for faults in the 
non-trip direction .  Relay op eration occurs when both 
the directional unit and the instantaneous overcurrent 
unit close their contacts .  H ence ,  the fault current 
must be greater than the tap s etting of the overcurrent 
unit. 

For faults in the non-trip direction, a co ntact 
opening torque is produced by the directional unit 
such that the normally closed contact of  this unit 
shorts out a pair of  windings on the overcurrent unit. 
This prevents the overcurrent unit from developing 
torque to close  its contacts .  For faults in the trip 
direction, the directional unit will pickup and re
move this short circuit , allowing the overcurrent con
tact to commence closing almost simultaneously 
with the directional contact for high speed operation.  

C H A R A C T E R I S T I C S  

The rel ays are availabl e in the following current 
ranges :  

Range 

0 . 5- 2  Amps.  0 .5 0 . 7 5  

1-4 

4- 16  

10-40 

1 . 0  1 . 5  

4 . 0  6 .0  

10  15  

Taps  

1 . 0  1 . 25 1 . 5  2 

2 . 0  2 . 5  

8 . 0  9 . 0  

20 2 5  

3 . 0  4 . 0  

1 2  16 

30 40 

The tap value i s  the minimum current required to 
just close the overcurrent relay contacts .  For pickup 
s ettings in  between taps refer to the section under 
SETTINGS. 

The KRD-4 relay is designed for dual polarizing 
and can be polarized from a potential source ,  a local 
ground source or from both simultaneously. When the re

lay is potential polarized,  the m aximum torque of the 
relay occurs when the  operating current lags the 
polarizing voltage by approximately 65  d egrees .  When 
the relay is current polarized, the maximum torque of 
the relay occurs when the operating current i s  in 
phase with the polarizing current. 

TIME CURVES 

The time curves  for  the KRD-4 relay are shown 
in  Fig .  5 and 6 .  Fig.  5 includes three curves which 
are :  
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TYP E K RD-4 DI R ECTIONAL O V E RCURRENT 
GRO UND R ELAY--------------------------------------------------------���-L�-�4�1�-�13�7�-�JA 

1 .  Directional Unit opening times for current, 
voltage, or dual polarized. 

2.  Directional unit clo sing times for current, 
voltage or  dual polarized. 

3 .  Directional unit closing time for 5 volts 
voltage polarized. 

Fig. 6 shows the instantaneous overcurrent unit 
closing time .  

The voltage polarized curve (curve A i n  Fig.  5 )  
begins to deviate from curve A a t  about 10 volts 
polarization. 

Both the directional unit and the overcurrent unit 

must operate before the trip circuit can be completed. 
Henc e ,  the unit which takes the longer time to oper
ate determines when the breaker will be tripped. The 
overcurrent unit contacts cannot operate until the 

back contacts of the directional unit open; therefore,  
the total time for  the overcurrent unit to operate is 

its closing time given in Fig. 6 plus the directional 
unit 's  opening time given in Fig. 5. The total closing 
time for the directional unit is given in Fig. 5 .  The 
two examples below will serve to illustrat e  the use 
of the curves. 

(Example One) definition of symbols are shown 
on Fig. 5. 

let: Ipol = 1 . 5  amp. 

lop = 3 amp 

tap value (T) = 0 . 5  amp. 

0 = 0° 

for a current polarized relay: 

I0plpol cos 0 
MMP - _____ _ 

0 . 25 

( 3 )  ( 1 . 5 )  
MMP = ---- = 1 8  

0 . 2 5  

Entering the curves i n  Fig. 5 at multiples o f  product 
pickup of 18 the directional unit opening time is 4 
ms,  and the closing time for this unit is 3 3  ms.  

For the overcurrent unit: 1 
multiples of pickup = �P 

3 
- - - 6  -

0 . 5
-

Entering the curve in Fig. 6 at multiples of pickup 

equal to 6 the closing time for the overcurrent is 14 

m s . However, the total operating time for the overcurrent 

u nit is 14 plus 4 m s ,  which is the opening time of back 
contacts of the directio nal unit, or 18  ms total operating 
time for the overcurrent unit . The total operating time 
for the directional unit is 33 ms; and since this is 
the longest time, 33 ms is the total operating time o f  
t h e  relay. 

(Example Two ) 

l et: Ipol = 1 5  amp 

lop = 25 amp 

T (tap ) = 1 amp. 

0 = 0  

I0plpol co s 0 

MMP = -----

0 . 2 5  

MMP = 1 500 

referring to Fig. 5 the directional unit closing time 
is 8 m s ,  and the opening time of its back contacts is 
3 ms. The total operating time for the directional 
unit is 8 ms.  

For the overcurrent unit: 

lop 
multiples of pick up =---

T 

= 25 

referring to Fig.  6 the overcurrent unit contact clos

ing time is 10 ms. Therefore,  the total operating time 
for this unit is 1 0  + 3 m s  or 13 ms. In thi s case the 
total operating time of the relay is 13 ms.  

Trip C i rcuit  

The m ain contacts will safely close 30 amp eres 

at 250 volts d- e and the seal-in contacts of the indi
cating contactor switc h will s afely carry this current 
long enough to trip a circuit breaker. 

The indicating contactor switch has a pickup of 
approximately 1 ampere. Its d-e resistance is 0 .  1 ohms. 

Cyl i nder Unit Contacts 

The moving contact assembly has been factory 

adj usted for low contact bounce performance and 

should not be changed. 

The set screw in each stationary contact has 

been shop adjusted for optimum follow and this ad
j ustment should not be disturbed. 
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TYP E K RD-4 DI R ECTIONAL OVERCU R R E N T  
GROUND RELAY 

TABL E I 

DI RECTIONAL UNI T SENSI T I VI TY 

Polarizing Quantity Values for Min. Pi ckup Phase Angle 

Volts Amperes 
Relationship 

------- �-----

VOLTAGE l 0.6 I lagging V by 65° - ----� --
l 1 .4 I In Phase with V - ---

CURRENT 0.5 I n-phase 

The energization quantities are input quantities at 

the relay terminals .  Maximum torque angle. 

. ... 

lJIITI IEU.TIYE 
IUTAITAIEOUS 
I'Ol.AIITY AI $tiM, TIE DIIECTI DIAL UJIIT 
COIITACTS CLIH 

I NTERNAL SCHEMATIC 

FRONT VIEV 

OVEICUIIUT UIIT 
(UPPU UIIT) 

YAIISTOI 

IATIUIU -

IEit U11U 

TUT .. ITCI 

CUUEIT TUl oiA<I 
1'EaiiAL 

629A509 
Fig. 3. Internal Schematic of the Type KRD-4 R elay in 

the Type F T3 1  Case. 

6 

I . L .  4 1 - 1 3 7 - J A  

TABL E I I  

D I R ECTIONAL U N I T  CAL I B RATION 

Relay 
Rating Amperes Condition 

Crnccoc t Oip; !loch PI og' m 
Adjustment 

All Range
-;r---·---;JO - Sp�ious ;�rque i n  con- Right (front view ,-4 '"" do,iog dicwioo 

(left front view) 

All Ranges ISo Spuri;���;que i n  

Plug Screwed out 
unti l spurious tor-
que i s  reversed. 

Left (front view) 

• 0 E . a 
� 
z 
t • .. 

-" 

® .,._:x,.,_ ___ _ 

contact opening di- PI ug screwed out 
rection (Right front until spurious tor-
v iew) (Contact que is in contact 
remain Open) closing directions. 

SAT\JIUTING TR.t.NSFORMER 

Then the plug is  
screwed i n  until 
spurious torque i s  
reversed. 

PRI. 
DECOUPLER TR:A.NSF"ORI-1£.R 

SEC. 

DEVICE ;..vMif.lt CHART 
(o?N - DIR'£CTIONAL 0VUlC.UWR.£NT C01t0UN0 

R£Lit.Y TYPE K R D · 4  

I - OV�RCURR�M'T UNIT O F  TYPE KRD·4 

D - DIRECTIONAL UNIT OF TYPE t<RO·"f 
'Z - P0W£R CIRCUIT &REAM.R 

:cs - INOI C.ATIMQ; CONTACTOft. SWITC.H 

cl - 6REA!o!.tR AUII.ILIAI'Y C.ONTAGT 

':"C - BREAKtR. T�IP C.OI I.. 

629A946 
Fig. 4. External Schematic for the Type KRD-4 Relay. 
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TYP E K RD-4 DI R ECTIONAL O V E RCURRENT 
GROUND R ELAY ............................................................................................................................................ �· ·�L�· �4�1�- 1�3�7�. J�A 

S E T T I N G S 

Overcurrent Un i t  ( I )  

The only setting required is the pickup current 
setting which is made by means of the connector 
screw located on the tap plate. By placing the con
nector screw in the desired tap , the relay will just 
clo se its contacts at the tap value current. 

If adjustment of pick-up current in between tap 
settings is desired insert the tap screw in the next 
lowest tap setting and adj ust the spring as de scribed. 
It should be noted that this adj ustment results in a 

slightly different time characteristic curve and bur

den. 

For carrier relaying the carrier trip overcurrent 
unit located in the type KRD-4 relay should be set 
higher than the carrier start overcurrent unit located 
in the type KA-4 relay at the opposite end of  the line. 

CAUTION: Since the tap block connector screw car
ries operating current, be sure that the screw is 
turned tight. 

In order to avoid opening the current transformer 

circuits when changing taps under load, connect the 
spare tap screw in the desired tap po sition before 
removing the other tap screw from the original tap 
position. 

ENERGY REQUIREMENTS 

BURDEN DATA OF OP ERATING CURRENT CIRCUIT - 60 CYCLES 

AMP ERE VA AT TAP P . F .  ANGLE * 
TAP VA AT 5 AMPS P . F. ANGL E 

RANGE VALUE � � 
. 5  . 23 54° 47 52° 

. 75 . 5 2  54° 36 52. 5° 
1 .0  .94 54° 3 1  53° 

. 5- 2  1. 25 1 . 56 54° 28 53. 5° 

1 . 5  2 . 1 7  54° 26 . 5  54° 

2 .0  3. 88 54° 24 55° 

1 . 0  1 . 3  52° 3 1 . 5  5 1° 

1 . 5  2 .85  52° 27 . 3  5 1 . 5° 

* 2.0 5.2 52° 25. 0  52° 

1-4 2 . 5  7 . 7 5  52° 24. 2 52.5° 

3 .0  1 1 . 4  52° 23. 8 53 
4.0 10.6 52° 23 . 3  53 . 5° 

4 5. 6 43 ° 610 t 53° 

6 10.8 46° 570 t 54° 

8 17 .6 47° 56 0 t  54° 

4- 16 9 22.5  48 ° 55 0t 55° 

1 2  39 . 5  50° 550 t 56° 

16 69 52° 550t 56° 

10 28 49° 545 t 50° 

15 61 5 1 ° 540 t 5 1° 

10-40 20 1 08 53° 535 t 52° 

25 169 54° 530 t 53° 

30 252 56° 525 t 53° 

40 432 57° 525 t 53° 

t VA at 50 Amperes. 
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TYP E K R D -4 DI R ECTIONAL O V E RCURRENT 
GROUND R EL AY __________________________________________________________ __ 

DIRECTIONAL UNIT POLA RIZIN G CIRCUIT BURDEN 

CIRCUIT RATING VOLT AMPERES L'l POWER FACTOR 
ANGLE 0 

Current 230tt 1 .  20 3° L ag 
amp eres 

Voltage 208 t t t  2 1 . 0 28° L e ad 

volts * 

0 Degrees current l eads or l ags voltage at 120 vo lts on voltage polari zed units 
and 5 amperes on current polarized units.  

l'l Burden of voltage polari zed unit taken at 1 20 volts. Bur den of current polar
ized units tak en at 5 ampe res. 

t t  One s eco nd rating. 

ttt 30 second rating. The 10 seco nd rating is 345 vo lts. The continuous rating 

is 1 20 volts. 

D i rectional Unit ( D) 

No s etting is required. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt , 
moisture ,  excessive vibration and h eat. Mount the re

lay vertically by means of the two mounting stud s 
for projection mounting or by means of the four mount

ing holes on the flange for the semi-flush mounting. 
Either of the studs or the mounting screws may be 
utilized for grounding the relay. The electrical con
nections may be made directly to the terminal s by 
means of screws for steel panel mounting or to ter
minal studs furnished with the relay for thick panel 
mounting. The terminal studs m ay be easily removed 

or inserted by locking two nuts on the studs and 
then turning the proper nut with a wrench. 

For detailed information, refer to I . L .  4 1-076.  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera

tion of this relay hav e been made at the factory. ,  Up

on receipt of the relay, no customer adj ustments, 
other than those covered under "SETTINGS, " should 
be required. 

Acceptance Check 

The following check is recommended to insure 
that the relay is in proper working order. 

8 

Overcurrent Un i t  ( I )  

1 .  Contact Gap - The gap between the stationary 

and moving contacts with the relay in the de
energized position should be approximately 

. 0 20 . " 

2. Minimum Trip Current - The normally-closed 

contact of the directional unit should be 

blocked open when c hecking the pick-up of 
the overcurrent unit. 

The p1ck-up of the overcurrent unit c an be 
checked by inserting the tap screw in the 
desired tap hole and applying rated tap value 
current. The contact should close with ±5% of 
tap value current. 

D i rectional Un i t  ( D) 

1 .  Contact Gap - The gap between the stationary 

contact and moving contact with the relay in 
the de-energized position should be approxi

mately . 020. " 

2. Sensitivity - The resp ective directional units 
should trip with value of energization and 
phase angle relationships as indicated in 

Table 1. 

3. Spurious Torque Adj ustments - Three should 

be no spurious closing torques when the oper
ating circuits are energized per Table 2 .  

4 .  Coupling - Apply 20 amperes t o  terminals 6 

and 7 .  Measure voltage acros s  terminal s  4 and 

5. Should be less than 20 volts.  
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I 1 K RD-4 RELAY 

TYPI CAL OPERAT I N G  TI M E S  
F O A  POTENTIAL. POLARIZED.. 

6<>"1 DIREC TIONAL UNIT CLO S I N G  A N D  

IIIPP = EpoL I Qp C O S  ( 8  
0 . 6 �  

F O R  C U R R ENT POL-ARIZED 
te�n.x�;u� c os < ,  l 

MPP • 0. Z5 
F O R  DUAL P O L A R I Z E D  

OPEN I N G  TI M E S 

Epo LI:Qp G05 ( 8 -&0•) I p oL I.QpCOS( ... } 
MPPz 0 . 65 + 0.25 

� M P P =  MULTIPLES OF PRODUCT PICKUP EpoL POLARIZING V OLTAGE 
IPOL=POLAR I Z I N G CURRENT 
Iop:OPERAT I N G  CURIUNI '\ ' �  9 : ANGLE BV W H I C H  l op LA.dS EpQL 

I =ANGLE BY WHI CH l._OP. �L.AGS Ipo\.. • 

' � � �··r-
UNIT CLOSiNG TIMES 

-
( A )  CURRENT 1 VOLTAG E , OR DUAL POLARIZED K: (Bl � VOLT V O LTAGE P O L AR I Z ED '-.. r--. r--1"--

D I R E C T I O N A L  U N I T  OPENING TIMES ---.. � �ARENT, VOLTAGE ,  OR DUAL POLA.RIZ ED 

I I I I 
I 

4 5 6 1 1 9 10 20 30 40 so 10 10 100 200 300 400 100 100 1000 2000 sooo 
MULTIP L E S  OF PRODUCT PICKUP 

Fig. 5. Typi cal Time Curves for the Directional Unit. 

KR0-4 RELAY 

T YPI C AL OPER A T I NG T IMES 

I NSTA NTA NEOUS OVERC URRE N T  U N I T 

CLOS I N G  T IMES 

\ \ 

""' I'.. 

3 

......... ........... i"--

4 

........... �--.... 

8 9 10 

M U LTIPL E S  OF PICKUP 

20 30 

Fig. 6. Typical Time Curves for the Instantaneous Overcurrent Unit. 

40 

5000 
763A034 

763A035 
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T Y P E  K RD-4 DI RECT IONAL O V E RCURRENT 
G R OUND R ELAY ____________________________________________________________ _ 

I nd i cati ng Contactor Switch ( I CS) 

Close the m ain relay contacts and pass sufficient 

d-e current through the trip circuit to close the con

tacts of the ICS. This value of current should be be
tween 1 and 1. 2 amperes. The indicator target should 
drop freely. 

The contact gap should be approximately 5/64 " 
between the bridging moving contact and the adjus
table stationary contacts. The bridging moving con
tact should touch both stationary contacts simul
taneously. 

R O U T I N E  M A I N T E N A N C E  

All relays should be inspected p eriodically and 
the operation should be checked at least once every 
year or at such other time intervals as may be dic
tated by experience to be suitable to the p articular 
application. 

All contacts should be p eriodically cleaned. A 
contact burnisher S1t 1 82A836HO 1 is recommended for 
this purpose. The use of abrasive material for clean
ing is not recommended because of the danger of em

bedding small particles in the face of the soft silver 
and thus impairing the contact. 

Cal i bration 

Use the following procedure for calibrating the 
rel ay if the relay has been taken apart for repairs or 
the adj ustments have been disturbed. This procedure 
should not be used unless it is apparent that the 
relay is not in working order. (See "Acceptance 
Check " ) .  

Overcurrent U n i t  ( I )  

1 .  The upper pin bearing should be screwed down 
until there is approximately . 025 clearance between 
it and the top of shaft bearing. The upper pin be ar

ing should then be securely locked in position with 

the lock nut. The lower bearing position is fixed and 

cannot be adjusted. 

2.  The cont act gap adj ustment for the overcurrent 
unit is made with the moving contact in the re set 

position ,  e.  g. , against the right side of the bridge. 

Advance the stationary contact until the contacts 
j ust close. Then back off the stationary contact 2/3 
of one turn for a gap of approximately . 0 20 " .  The 

cl amp holding the stationary contact housing need 

not be loosened for the adj ustment since the clamp 

utilizes a spring-type action in holding the stationary 

1 0  

contact in positio n. 

3. The sensitivity adj ustment is made by vary
ing the tension of the spiral spring attached to the 
moving element assembly. The spring is adj usted by 
placing a screwdriver or similar tool into one of the 
notches located on the periphery of the spring ad

j uster and rotating it. The spring adj uster is located 

on the underside of the bridge and is held in place 
by a spring type cl amp that does not have to be 
loosened prior to making the necessary adj ustme nts. 

Before applying current, block open the normally
closed contact of the directional unit. Insert the tap 
screw in the minimum value tap setting and adj ust 
the spring such that the contacts will close as indi

cated by a neon l amp in the contact circuit when 
energized with the required current. The pick up of 
the overcurrent unit with the tap screw in any other 
tap should be within ±5% of tap value.  

Di rectional Unit  ( D) 

1 .  The upper b earing screw should be screwed 

down until there is approximately . 0 2 5  clearance be
tween it and the top of the shaft bearing. Th e upper 
pin bearing should then be securely locked in position 
with the lock nut. 

2. Contact Gap. Adjustment for the directional 

unit is m ade with moving contact in the reset po si
tion,  i . e . ,  against the right side of the bridge. Ad
vance the right hand stationary contact until the 

contacts j ust close. Then advance the stationary 
contact an additional OI'I.e-half turn . 

Now move the in the l eft-hand stationary contact 
until it just touches the moving contact.  Then back 
off the stationary contact 2/3 of one turn for a con
tact gap of approximately . 0 20 " .  The clamp holding 
the stationary contact housing need not be loosened 
for the adj ustment since the clamp utilizes a spring
type action in holding the stationary contact in 

position. 

3.  Sen s it iv ity. Insert tap screw of overcurrent 

unit in highest tap .  The sensitivity adj ustment is 
made by varying the tension of the spiral spring at
tached to the moving element assembly . The spring 

is adj usted by placin g  a screwdriver or similar tool 

into one of the notches located on the periphery of 
the spring adjuster and rotating it. The spring ad

j uster is located on the underside of the bridge and 

is held in place by a spring type clamp that does not 
have to be loosened prior to making the necessary 

adjustments. 
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TYP E  K R D-4 D I R ECTIONAL O V E RCURRENT 
GROUND R ELAY ------------------------------------------------------------�� -�L�- �4�1 �- 1�3�7�- l�A 

The spring is to be adjusted such that the con
tacts will clos e  with . 5 amperes flowing into ter

minal 6 and out terminal 8 with terminals 7 and 9 
j ump ed together. 

4.  De-Coupl ing  Adju stment. Connect high re
sistance , low reading voltm eter acro s s  terminals 4 
and 5. P ass 80 amp eres into terminals 6 and 7 and 
adjust top left hand r esistor (front view) until a mini
mum voltage is obtained. Use care not to overheat 
relay during test. 

5. Core Adj ustment. Apply 10 amperes to ter
terminals 8 and 9 with all other terminals open circuited. 

Adjust core such that the contacts remain open. The 
core can be adjusted by the use of a screwdriver in 
the slots in the bottom of the cylinder unit. 

6. P l ug Adj ustment. Apply current to terminals 
8 and 9 with all other terminals open circuited. Plug 
adj ustment is  then made per Table II such that the 

spurious torques are reversed. The plugs are held in 

position by upper and lower plug clips .  The se clips 
need not be disturbed in any manner when making the 
necessary adj ustment. 

I ndi cating Contact Switch ( I CS) 

Adj ust the contact gap for approximately 5/64" 
(- 1/64 " ,  +0 ).  

Close the m ain relay contacts and check to see 

that the relays pick up and the target drops between 
1 and 1 . 2  amperes d- e .  

R E N E W A L  P A R T S 

Repair work can be done most s atisfactorily at 

the factory. Howev er ,  interchangeable parts c an be 
furnished to the customers who are equipped for doing 

repair work . When ordering parts always give the com
plete nameplate d ata. 
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TY PE K RD-4 DI RECTIONAL O V E RCURRENT 
GROUND R ELAY-------------------------------------------------------------

� 

· �n�l �  32 1 6  

n_,. I 1 .. 

-I N 
!!! 

I I '  � 3 !_ 1- I 
! 11 I t  

:_. , ! ---i \ 
PAIIEL ;CATIOII ----SEMI• FUISII NT&.:___.. ____ __. 
PRO.IECTIOit NT& • 

• 1 90-32 SCREW 

It-

PAIIEL CUTOUT I ORI LLIRG 
FOR SOti·FLUSII MT&. 

PAIIEL DRI LLING OR CUTOUT FOR 
PRO.If.CTIOR NTG. 

( FROIIT V I EW) 

D I A. �  HOLES FOR 
. 190-32 MT&· SCIDS 

.1 
II D I A-2  NOlES 

TE1141Ul 
IIUM8ER 

57-D- 7902 
Fig. 7. Outline and Drilling Plan for th e Type KRD-4 Relay in the FT3 1  Case. 

WESTINGHOUSE ELECTRIC CORPORAT I ON 
RI:LAY•INSTRUMI:NT DIVISION N I:WAR K, N. J. 
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<' U')l)�j f'> ' ') 8 '0 L. r, -�1( I J' .....> _; J.· - - ...... �� -·: .l V C,_ ...L ,.. • � · I " 

1 . 1 -J O  on�s r e � � n  • 

o f  KD-4 2nd K D -· 41 

.. 
C o � s t r u c t i o n  - t � �  s a � e  a s  p � r  I . L  41- 491 . 4A ,  exc e nt c o� n e n s at o r  t a ps 
�:lr:-o--·r-:12-:r���e-cr·-I . J l - 1 . 7 L, " ·  2 . �_ ;5 - ·  3 . 0 5 - 4 . 3 5 - 6 . 1 :. s . 7 oh;,,,s . ' / 
0DF: �at i o n  ·- t h e s a :-:1 -3 a ::;  p '2r I .  L l:-l - 1;.)' 1 . l.,.;\ ----- --····· - -·· I 

C h ar a c t e r i  s �� :i. c s 41 •. . ! . Q l  J, t'\ -I- .. ,.. .., - • •. ) exc e pt : 

S c n 3 i t i v� � t v·  X IJ - !.� Pl-1 f=� s e -·t o � P1·1 2. s :.� u n i �  & ... t h e  S 2. T. S  D. s p e :;:, I . L . lrl �- 1r9 l . .  lrA. , -e�cC.2p�� -f.i.f nfi:l1Xfti'�i-U1 �,:. -·c it:;l:_-[, :1 �.- ·f'6.c --i s-:2 C 0 lT C c·� d :. r c  C � i 0;:( 2. 1  S 8 n s  e S i10 u 1  d 
b o  n o t  l e s s  t ha11 0 ,  02 5 r6::. a.y .::�r.1p :; .:::- e s  �-r;L t h  & n  o h;::1 s et t i :nz of $ .  7 O G ll.! S . 

S e n  s i t 5. v i  t v  K D - L 3 P :1 a s  e u n :L i..·· - t h e  s 2 r:-: 2 a s  p e :!.� I • 1 • h l -· 4 9 1  . Ji A , e x �; r:, p t 
lri.;:�l-·r. l:::��.--�.,_/.-·�o· ;�·::.·-.=_--r ·t-;���i�-:=-;:---=--:--:--s �� u � i� � 1" :  l l  d �  ,.., �, c � j o n - ll y o ..... · n � #\ +- � f' 1-) { ' fcJ,· t1. l,_t··. �� · ll l  1 -- · u ,  � , , , .-:o . .  c.. , J.  c.; c., ;-•de. � ·-· · ' •  v 1'1.1. . . • •  _ _. -:.. :.,, . .  " "''· . �J -- J. cc v <> _ ,  .. 
wh i c h produc e 2 v o lt s  l i n e  t o  l i n e  and 0 . 666 a�p 2 � e s  at r e l 2 y  t e r� i na l s . 
S e n s i t j. � i t y  w i t h  2 v o lt s l i n a -t o - l i n e  for any t a p  i s  d e f i n e d  by t h e  
fo l lowin� equa t i o n : I = S . S  A m n e r e s . -,1-;- • 

D . ,_ C h 
. • ,_ • V D I "l 3 , . , r . � 'I' . � T ' ., . l S •..- 2. :-'l C e ; j. _. ,?. ;� ·ct c t e :"' l S v l C l\ c� ...!.. .... , .lf1 e .:; e  tJ � l G ._ (1 6 S 2 fll(:! a s  p e �  .L (' L.: o  i;..�. ---

- --':1 r:·1;1\:-'l'T:8--I' o ;::;;.r&ra·-;c�-ic.rioi' ___ t;::.;_ e-u�1':C£---vE�ri c s f r o ::1 10 2 '0 c  :::- c e :ct. o ;__� t· ;;_ 0 
1lue for a T s et t i ng of 8 . 7  a nd 7 5  d ezre e s  t o  1 1 5  perc ��� of t a ;  v�J.u 0 

l. 9 5 d e�re c s  f o :c a 'I' s �;t. t j_rtg o:.C l . J l  olir:-iS �r Fiz . 11 i �s s� i J. l. a. ;)�ll. i c �l �J}_ c "  

T im e  Curv e 3  2 nd B�rd e n  Dn t a  -
7J·-..;-.:· :::-:,--::-J· � -=--,�,-1,·:,�------�,-l. -;_:,--1--:.-.. . ,_.,.._ s-� no 1 � !'r ,-. ·� " � .,  ..: r> � • ; S "' "' �·, �. 1 - _, ,..; · · · �  u c:  .... c ... v � - • • ":; 1 . . � . .  ·..:. - J. 6 •  .... . �.... ..�- O . �o ..:. _,_  c..>. '"O u J_ ..t. � o.- 0 .. !.. € �  � .. v t.:: € l J.. \.... Q � .__ ......_ C. 't'!' � :::o 
"'/'6j7.,_'J-)T;-Yor --::--J- 1.;. re lay . F i g . lJ a nd 1 1.,. 2.pply ex2. c t ly to 3 p:-12 s e  t:n5. t. , 
a :--� s [�c�\·fi1 ; p:1as e -t� C.l - ";)�10. S 2  t:.:l i t.,  t. i TJ S �  f ... O Y.  .. C O :--�� Cl Ct c l o s i riz Ct r' 8 s l. o �.·.; e �  f0� 
)_ ,; J .-.1 0  -:;:-J.Dl 3 �rt:� J. a :r t ha n  f o r  . 7 5 --- 2 [) C·}"lr.l2, r· 2l� y n: ... 2 ()  I-' C! �"' C e :l.� j t. }� e  ( . ,: -:_�- �;.. ��>( 
C1.fJ •) rl i r..:: t i::>3 i s  t h e  s .?..r,E ; for bo � h  r .: l .:-1 y s . 

W'ES'I' INGr!OUS :::: EL�:CT R I C  C Oi-�PO?cP. T I O�·J 
RELA Y·- J. l�3 I' HU:-:.:.:�:.;T D I V I S ION 
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d . .. �·���; 0 

f o r  
o h ca s  

�S_r���'.!·!!_:�C - S��� ��1:.-::�-�-�-=�: : a s _  f_; ;=, r J � T., o  !�1 - };S'l . l;-A , exc 8 p� u s e  s p e c i a l  Ta. bl.. e I 
d e v e � o p � a  � o r  � . �  � o  � 0  o n � �  r e l 2 y . U s i ng t l1 e  g i ven exa�pl e a nd t h e  n ew 
'l'2 b]_ e I :r1 e J.ay s ot t i r�2;s , ? -r,,t ::; J' j_.riG t, {'  ... �t ·t h e  rl (:; c� :-c e s t  vaJ. i;. e ·t o 7 . 77 o }1r:ls i. E� 7 8\r) o 'r , ,... '"J "� �  ',·,· e -,.. . ·- ;e n  .,_� "7' <'") '·"1 'l' ;c '.-. l c. J- .  0 \.. ..�o. lf{ . •  -) , c:.. l � U- � .J.. L � �o \. \ ..L .... - , � ... -"t u � ,_, - •  

- �· . . 5 t<..J " ...:.. 

Fo::.� Part B t h e  pi c kup C U I'I" 0 :'"!� sho1.:ld 

s - 1 
T -- 8 . '1 
I'1 - + . 1 2 

b e  3 . 2 5 3 . 50 a�1p 2 I� e s  for t::D�- 4  c. nd 
: L l 5  - J . lrO a�7'..p e :c e s  f o r  K D � 4l o 

For Pa rt s E a r1d . F� t h e  ClJ.;""r 2 Y1t sho·:.ll d  b ·"' 2 . 7 5 - 2 . 92 2� ITipS .  ,. 
Rout i n e  Ma int ena n c e  - a s  p e r  I . L  41 - 491 . 4A 

l\i.J t o t r2.r. s f o r;:o, [� ::-· C h s c !:  �� a s  p .:.=  . .:- I .  L .  41- 49 l . l:..D·. exc e "Jt t h e  v o J.t c:;g e drc.• o :;. :r o�,:;--r.1A--�ir:,-c.r-1�rc ___ -ta?s -:c-o t sr;::;i>Jc.  .. l s s hould read - 66 . 6  · - 6 s .  6 - 71;. 0 6 - :.l e ,  6 
v o lt s . ( ±  1 volt ) . 
'I'h i s  v o lt a g e  i s  c or.1pu.-v e d  & 3  fol .J..c·,.;s : lOO ;c 2j3 ( 1 + t h e  s um of valu.�:; 
b e t \·re en R - l e -J. d  a nd t h e  t .:?. p  b e i r.;g l.i€>:lsured ) 
Ex.a.rap l e : 100 x 2j3 ( 1  + . 0� + . 09 + . 06 )  = 78 . 6  volt s .  

s )  SA and sc s et� o n  1 . 0  
J 

t? L i 1  for ' �  h. , l'.J: A ,  
t1 n n  for· , ,  �.11 ' 1•1 ' • H. , 

r.urr e nt t o  t r · i p  
for 

ar1d .,. -� 
he s et 

.?. n d  ' '  !"�� S �; :-..� 

K D - 4  1 . 2 2 
KD-1;.1 1 . 2 5  

5 n  t h e  t o p  p o s i t i on 

a �1I) S . 
nw;. s . 

... 

exc ept spring r e s t ra i nt 
�'"' o l J  . ,  . .; � 0' 1 .... � ,... "' �  · J.. • •  O > t  ... u0 V O  v ci0c, .::> . 

( 2j6 5 )  
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L .  S p e c . 779 501,_ 
.... � �" I I . , p'n J. s e  t o  P:--: 9- s e  U2:1 i t - A s  p c :::� I . L  1,1;- 491 . 4-A , exc e nt s pr i ng 

' restrc. fr!t-5:10-uld-oe--acCju3t (; d  -,,:h e r e  voJ:t, .:.ce VJF , V 2FJ�md V 2FJ ?  a.�e 5 v o lt s . ,. _ 

.- • 

I I I . C o � D e � sat o r  C � e c k - A s  p e r I . L . 41- 49l . 4A ,  
shoulcl-·1, ecld.-·-a-i�-i'o-:Lio'�::3, : 

exc o;rt:. the v o lt a. g e .s 

Wh e r e ; n y  II - t a p s  a r e  s c ::-.  l�o r  n s .  7 ,-; - oh7nS 
Volt 2ge fro;n .11: t o  l�i x e cl  end of R3 s :; o1..1.J. d  r e a d  V C = 

- 13 5 . 2  volf s { 8=90 � ) 
Volt a g e  fro;n n;\� n t o  fixed e n d  of 

of 
R2A'j ' v  J · c 
R2 C . 

IV.  Ov era l l  Ch e c �  - A s  per I . L . 4 l - 491 . 4A exc ept us e fol lowing pic kup 
1 i mit si' 0 r-:r::-p�::&s s un i t  • 

v1TC\2 -c. L' • .!! 

and · 
v 2F3F 
10 volt s 

I !<li n �  

---- � - - ------------·---

30 volt s 

I 1ilax . 

1 . 2 2 a .  
1 . ') 5  � 8. ,. 

f· o r" K D.,.. lr 
for KD�.J_,l 

3 . 42 a .  KD-4 
3 . 50 a .  KI?-41 

___________ , __ ,._..._, v ___ __________ ...__ ... _ _,____,�,._,.._.._ ... _.., __ .,. ____ .._.,.._._.fi ... ____ �,--.�----- -..---------..c:..-...- -.. ,.,. 
I 

· 70 volt s 7 . 1,.5 7 . 7  a .  both relays 

Limit s for P�3 s 6 -t o - Pha s s  un it 
-- -·--- �-·----.-...- - · -

;�t i:--c�= ��!!;�--F: �Q:�:�=Lfo� t�::z·-�i-�:E�L= -���= 
. .  - --------- ·-·..,--,--,··--- -�,__-----�------- -.........,. .... -..-.---�----·-.......,."-·-···"-------.. -----.... --·-·-� ..... -5 '  6 ,· 7 ' 5 .  0 48 ·" 52  . 3 0 . 2 . 80 3 . 00 - 70 � 6 . 6 6 • 7 5 
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R e f e r e ;:: c .::: Th·rg . - -----··--.. -- - -�--

Instruct ion Lcafl�t 
1nt crnal S c h c�2 t i c  

C ur\' a s  

I T .  J, 1 •. !· 9 1  . 1· f1 • � • -r -- T' -"' .., rn 
7 -· �· ' C: J �  o �: n ) ...;-0 6�' \: ' .. ..... 7 � ) .'-l. ) b  
,..7c·)· ') '· 0 r::. ' _.) h.  ,./ �( 

Pot ent ial Burcl e11 

Curl'<2n.t Burd en 

'"/o" J �� o � -. ... \ ./ · --
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( L . Sp e c . 779 )01;, ) .. ' '  

RELAY SETTING S � ua K D - 4  and KD-4:. . :·; .. . . , 1  

' , --, - - . I f l  i J LEA iY - 1 ' ., ' ·-

; s = 1 l !  s = 2 1 !  s = 3 ! i  !I 11 II 
·

l j r. ON N E C T I ON S  I . ,-, -i I . i - I I d �---i ll I ! I' J "'-· ; I!'Ti-, --rri}l r r  l I \ i l . ) \ i I j I ! l 1.' .u ?, I 
. • r.-> i ., ..., '1 "' I I - ! ., l •  ; , · l 1 -�' '1- ! h '7 i: ,, \ ; . L...::_ l. j_ . ;) -1. l J • •  7 ��._,_2_.1_�LJ . 0 .?_I ·:- . j 5 ! 6 .  J. 8 .  7 ..I I 6 . 1  I 8 .  7 1 11�-: _ _ 11 $ .  7 Jl ' !1 Jl -.1 � i_l.J f ,J\ D '

. 
LLAfl.�-; 

i ( I ! I ' I  I I ! I  I I ' I  j f  ( . i"'l 
_ ;�\ 1 . 1_1 _ _i 1 . Iu_i l . Sh t_b_58 ) . 69 l 5 . J_1._l 7 . 3 c�l ! - 1h . 7  · I  � ! 2 2 . 1  l t_�- . : 6 I l ! . o6 �� o _l \ ::-
' 1 , ---. < 1 ' I 1 1 1  ' ; 1 1 ; I i 1 1  r 1 r,.> 
\ ' ! ? l • . I I  : I I  I I l I '  � I !:� ' ·  l I � I l , - i c: ") ' . ! r: l l t:; I - 1 ' l ! j I .. 
1-' J. . J. , I· I .L . ) 1 � 1 . 89 ! 2 . 6 ., L� . 79_! 5 . JO ! 7 . .) 6 1 \. _ _:__l�L.\_-_1 2 2 . 7 ' '�+_.).2_1 l i.J!.§___! . 0 _, I H : l i - �  · I l j ! j i . ! l j  ! 1 r-1 \ !  ; ' �  
L_l l o l7 ! 1 . 5 5 J 1 . 9 5  !.2_c 72 J 3 . 8 8 1 5 . hLJ 7 . BQi_l 1o . 9o_! 1 5 . 5 l 1  - ! 23 . 3  , 1  + . 1 2 I ! ! .�Q_9 __ l o j .) 0 
i ; ; l 1 � l ! ! !  l ·1 r -- 1 1 ' 1 1 i 1 I = 

[_\ l . 2o \ l . 6o i 2 . oo 1. 2 . 8o l_3 . 9 9 l s . 6o s . oo\_1_11 . 2  \ 1 6 . 0  _L_.::__l 23 . 9  J i  + . 0 9 .! : ! . o9 l_. oJ I I � 
l !  · I' ;.· l l I i l l '  j i l  I I I  l l il l � �  
I ' • ' ' 1 .. ' I I I I ' . l I 
' : ') ") : i {, ' � / I r' r ' ... .� I c I • 1 1  . I � l I • l l  l I :,__�_1 . .... _) \ -� . ,) •.; . .

. 

!��� 2 .  '-" 7 ! .1� 0 .L U  i2 . 7�J� ?.Oj_ �_ll . 50 ' J.6 .:..!±__ \  - .L?.±.:.LII II_! .  06  I I I  0 06 
-� -- 0 0.2__l 'I ' ; ' ) j I !' I i l  I I '  I \ : ! l I ! 1 ! i · 1 , l I I  i , · l < I 

• 1 •. 2 ,..7 ' ' .c c: � 2 1 ...., 1 2 o .c t J 2 "'  I 5 o "  ' >� J r.·f 1 1 1  nn 1 6 9 I !, ' 2 5 1 I t' 1- 0 ""  1 1 1  f'\ ""  ,. ,.) ,_; ! __ ;__:.�-· _: .. L • U )  � "' c  t:. i __ , ':.-:.2_-t_±..!� -�-·�-u_._;..2U. � .  · .  0 v j . .�-----l.::..:::-• _1·_1_ . -. " ) �-----� • .;__\} } __ �. ,_, 1 ·  . i i : i I j " i ' ' I I • ! - !  ! i . . i ! 1 I H ' I �  l ' I I ! i '  ! . 
\ " '; '1, �. " r; ,r, �. ) - r> I ·; t:. I ,  r:., . "l � r , l , l j  l l 1 ! . I I 

;-; ·'- . J �  ; .L . , · e  ;-.:::..!...L u  !_2_- 0 -:._) . . . 3 �-� 6 . . tO ,..JLJ_J ;.1 2 . ?.  ! 1 7  . 1�" 1_ 1_-__ l 2 6 . 1  , . !_Q_) 0 : ; 0 J --0 ____ 1 
• i : ' I 1 j l • I  , l l  l 1• I ! c l  1 j'J \ I .., r I \ ·' -; ., I I ,, ( ' ' ., I . .., l ! ' ' ' ' r· I ' . ' � \ l ·' ! : I '  ' I i j 
\.--- ; J., . ) )  t 1 . 80 _: _2_. 2�J .) . .  u :  ! __ 4 . l�l 6 �]_Q.. ;._5' · 00d_J. 2 . 6 I J.7 �'L · - ! 26 . 9 LJ ' - . OJ .l � _i.! __ l_.!_Q_J __ I j 
! � I ' I ; ; I l ! I i I I ! : ! � l ( I l � 1 : j � � i i f � I ! � i t • !--! 1 . 32 i - - 2 . 3 2  !_]�2'" ! 1, . 63 ! 6 . 50 [_9 . � ��nl3 . o  ! 1 s . 5  p - ! 2 ? . s _u · 1 - . o 6 ! !:.9_9 __ ! . o 6 I 1 
i I I i ' 1 ! ' I 1 I ' I ; \ j I ' ; ll ' 

" ; ' : ' ,, l l I ., I I 
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